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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


June  ist,  1904.— The  meeting  was  called  to  order  at  8.40  p.  m.; 
James  Owen,  M.  Am.  Soc.  0.  E.,  in  the  chair;  Ghas.  Warren  Hunt, 
Secretary;  and  present,  also,  103  members  and  11  gnests. 

The  minntes  of  the  meetings  of  May  4th  and  18th,  1904,  were  ap- 
proved as  printed  in  the  Proceedings  for  May,  1904. 

A  paper,  *'  On  Sedimentation  "  by  Allen  Hazen,  M.  Am.  Soc.  0.  E., 
was  presented  by  the  author. 
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A  written  discussion  from  G.  W.  Pearsons,  M.  Am.  Soc.  C.  E. ,  was 
presented  by  the  Secretary,  and  the  paper  was  discussed  verbally  by 
Messrs.  George  W.  Fuller,  George  A.  Soper,  R.  S.  Weston  and  the 
author. 

Ballots  for  membership  were  canvassed,  and  the  follow^ing  candi- 
dates elected : 

As  Members. 

Edmund  Hamilton  Bowses,  Slidell,  La. 

St.  John  Glabke,  Bogota,  N.  J. 

Fbank  WinsijOW  Conn,  Philadelphia,  Pa. 

Clark  Dillenbbgk,  Philadelphia,  Pa. 

Frederic  Clark  Dunlap,  Philadelphia,  Pa. 

Emory  Alexander  Ellswobth,  Holyoke,  Mass. 

Alonzo  John  Hammond,  South  Bend,  Ind. 

John  Elden  Palmer,  Boston,  Mass. 

Frank  Julian  Sprague,  New  York  City. 

Gtto  Bruno  Suhb,  Niagara  Falls,  Gnt.,  Canada. 

As  Associate  Members. 

Charles  Metcalf  Allen,  Worcester,  Mass. 
Charles  Webster  L  Armour,  Fort  Smith,  Ark. 
John  Henry  Best,  Peoria,  111. 
Percival  Mitchell  Churchill,  Denver,  Colo. 
Park  Andrew  Dallis,  Greenville,  S.  C. 
John  Lea  Dillard,  Boxley,  W.  Va. 
Charles  Henry  Farnham,  Canton,  China. 
James  Easton  Ferguson,  Detroit,  Mich. 
Mortimer  Foster,  New  York  City. 
Charles  Rice  Gow,   Boston,  Mass. 
George  Soott  Hubbell,  Hoboken,  N.  J. 
Thomas  John  Jones,  Keswick,  Cal. 
Henry  Jambs  MagNair,  Cleveland,  Ohio. 
Balfh  Barton  Manter,  Canton,  China. 
Ernest  George  Matheson,  New  York  City. 
Frederic  Antes  Snyder,  Summit,  N.  J. 

As  Associates. 

Basil  Henry  Leather,  New  York  City. 
John  Joseph  Monahan,  Boston,  Mass. 

The  Secretary  made  the  following  announcements: 

The  transfer  of  the  following  candidates,  by  the  Board  of  Direc- 
tion, on  May  31at,  1904; 
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Fbom  Associate  Mbicbbb  to  Mbmbbb. 

MoBTiMBB  Grant  Babiobs,  Oeneseo,  111. 
Gbobgb  Wabben  FuiiiiEB,  New  York  City. 
DuNKiN  WiBGMAN  Hbicmimo,  New  Tork  City. 
Fbedbbiok  WiliiIam  HoNENSy  Sterliog,  111. 
Ebnest  Bubslem  Thomson,  Miami,  Fla. 
James  Lawbenge  Tighe,  Holyoke,  Mass. 

The  election  of  the  following  candidates,  by  the  Board  of  Direc- 
tion : 

As  JUNIOBS. 

On  May  3d,  1904, 

Edwabb  Chbistian  Dicke,  St.  Lonis,  Mo. 
On  May  Slat,  1904, 

Joseph  Manuel  Babe,  Santa  Olara,  Cnba. 

William  James  Backbs,  West  Haven,  Conn. 

John  Boss  Bates,  Brooklyn,  N.  Y. 

Ebnest  Willabd  Cbawlet,  New  Haven,  Conn. 

John  Mifflin  Hood,  Jr.,  Baltimore,  Md. 

Edwin  LobIno  Spbagub,  Jr.,  Brooklyn,  N.  Y. 

Adjourned. 
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OP  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

May  3181,  1904. — 8.50  p.  m. — Vice-President  Dejo  in  the  chair; 
Chas.  Warren  Hunt,  Secretary,  and  present,  also,  Messrs.  Craven, 
Croes,  Jackson,  Knap,  Noble,  and  Osgood. 

The  following  Committee  was  appointed  to  arrange  for  the  Annual 
Conyention,  which  is  to  be  held  at  the  time  of  the  International  Engi- 
neering Congress  at  St.  Lonis,  October  3d  to  8th,  1904:  George  H. 
Pegram,  Alfred  Craven,  Joseph  O.  Osgood,  George  S.  Davison, 
Hunter  McDonald  and  Chas.  Warren  Hunt. 

C.  C.  Schneider  was  appointed  Chairman  of  a  Committee  on  Con- 
crete and  Steel- Concrete.  The  Committee  as  appointed  is  made  up  as 
follows:  C.  C.  Schneider,  J.  E.  Greiner,  W.  K.  Hatt,  Olaf  Hoff, 
Bobert  W.  Lesley,  J.  W.  Schaub,  Emil  Swensson,  A.  N.  Talbot,  J.  R. 
Worcester. 

On  motion,  the  following  resolution  was  adopted: 

*' Resolved,  That  letter-ballots  for  admission  to  the  Society  shall 
hereafter  contain  the  following  information  only  in  regard  to  each 
candidate : 

1.  His  name. 

2.  Date  and  place  of  his  birth. 

3.  Date  and  place  of  graduation  (if  any),  with  degree  conferred. 

4.  Present  title  (if  any)  and  address. 

5.  A  reference  to  the  Blue  List  on  which  his  record  is  given  in  full." 

The  following  resolution  was  passed : 

''Resolved,  That  for  remittances  mailed  after  July  1st,  1904,  the 
cost  of  membership  in  the  International  Engineering  Congress  be 
increased  to  $10,  and  said  subscription  to  membership  must  be  re- 
ceived before  October  1st,  1904." 

The  resignation  of  Robert  J.  Pratt,  Assoc.  Am.  Soc.  C.  E.,  was 
accepted. 

Applications  were  considered  and  other  routine  business  transacted. 
Six  Associate  Members  were  transferred  to  the  grade  of  Member,  and 
six  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Christmas  Day. 

MEETINGS. 

Wednesday,  September  7th,  1904.— 8.30  p.  m.—A  regular  basiness 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
two  papers  will  be  presented  for  discussion,  as  follows:  **The  Instal- 
lation of  a  Pneumatic  Pumping  Plant,"  hj  Arthur  H.  Diamant,  Jun. 
Am.  Soo.  C.  E.,  and  "Some  Notes  on  the  Creeping  of  Rails,"  by 
Samael  Tobias  Wagner,  M.  Am.  Soc.  0.  E. 

Both  these  papers  were  printed  in  Proceedings  for  May,  1904. 

Wednesday,  September  aist,  1904.--8.3O  p.  m.— At  this  meeting 
three  papers  will  be  presented  for  discussion,  as  follows:  *'  Gen- 
eral Methods  for  the  Calculation  of  Statically  Indeterminate  Bridges, 
as  used  in  the  Check  Calculations  of  Designs  for  the  Manhattan 
Bridge  and  the  Blackweirs  Island  Bridge,  New  York,"  by  Frank  H. 
Cilley,  S.  B.;  **  A  Elational  Form  of  StiflTened  Suspension  Bridge,"  by 
Oustav  Lindenthal,  M.  Am.  Soc.  C.  E. ;  and  *' Theory  and  Formulas 
for  the  Analytical  Computation  of  a  Three-Span  Suspension  Bridge 
with  Braced  Cable,"  by  Leon  S.  Moissei£f,  Assoc.  M.  Am.  Soc.  C.  E. 

These  three  papers  are  printed  in  this  number  of  Proceeditigs, 

INTERNATIONAL  ENQINEBRINQ  CONGRESS 

AND 

THIRTY-SIXTH  ANNUAL  CONVENTION  OF  THE  SOCIETY. 

As  previously  announced,  in  the  Programme  of  the  International 
Engineering  Congress,  which  has  been  issued  to  all  members  of  the 
Society,  there  will  be  meetings  of  the  Congress  at  10  a.  m.  each  day, 
beginning  Monday,  October  3d,  and  continuing  throughout  the  week, 
the  last  meeting  of  the  Congress  being  held  on  Saturday  morning, 
October  8th.  Members  of  the  Society  In  all  grades  are  Members  of 
the  Congress. 

The  Thirty-Sixth  Annual  Convention  of  the  Society  will  be  held 
on  the  afternoon  of  Monday,  October  3d.  in  the  Hall  of  Congresses, 
Louisiana  Purchase  Exposition,  at  2.30  p.  m.  At  this  meeting  the 
President  will  deliver  the  Annual  Address.  At  the  close  of  the  ad- 
dress of  the  President,  the  business  meeting  required  by  the  Constitu- 
tion will  be  held.  A  meeting  of  the  Board  of  Direction,  as  required 
by  the  Constitution,  will  be  held  at  a  time  to  be  subsequently  deter-  • 
mined. 
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A  oircalar,  relating  to  hotel  accommodations,  which  was  prepared 
bj  the  Local  Committee  of  the  Society  in  St.  Loais,  has  been  issned 
to  all  members,  and  in  this  the  **  Inside  Inn  ''  was  recommended  as, 
all  things  considered,  the  most  available  for  members  and  their 
families. 

In  this  circular  it  is  explained  that  it  is  impossible  to  secure  a 
lower  rate  for  transportation  than  the  Exposition  excursion  rate  estab- 
lished by  all  railroads,  this  rate  being  less  than  the  usual,  one  fare  and 
one-third,  round  trip,  convention  rate. 

To  all  members  of  the  Society  who  have,  in  response  to  the  circu- 
lar already  issued,  specified  the  subjects  it  is  their  purpose  to  discuss, 
copies  of  such  of  the  papers  as  have  been  printed  in  advance  form 
have  already  been  forwarded,  and,  upon  request,  the  Secretary  will  be 
glad  to  forward  such  copies  to  members  who  have  not  already  asked 
for  them. 

Owing  to  the  large  number  of  papers,  which  cover  many  subjects, 
it  will  be  impossible  to  forward  Advance  Copies  of  all  papers  to  all 
members  of  the  Congress,  and  it  has  been  necessary  to  restrict  the 
issue  of  Advance  Copies  to  those  who  expect  to  present  discussions 
either  in  person  at  the  Congress  or  by  letter. 


INTERNATIONAL  ENGINEERING  CONGRESS. 

CHAIRMAN: 

Chablbb  Hebmany,  President,  Am.  Soc.  C.  E. 


CHAIRMEN  OF  SECTIONS: 

Sectidn  A.— Waterways. 

Alfred  Noble,  Past-President,  Am.  Soc.  C.  E. 

Section  B.— Municipal. 

J.  James  R.  Cboes,  Past-President,  Am.  Soc.  C.  E. 

Section  C— Railroads. 

Robert  Moore,  Past- President,  Am.  Soc.  C.  E. 

Section  D.— Materials  of  Construction. 

Frederic  P.  Stearns,  M.  Am.  Soc.  C.  E. 

Section  E.— Mechanical. 

William  Metcalf,  Past-President,  Am.  Soc.  C.  E. 

Section  P. -Electrical. 

Frank  J.  Sprague,  M.  Am.  Soc.  C.  E. 
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Section  Q.--Milltary  and  Naval. 

William  P.  Cbaighill,  Brig. -Gen.  U.  S.  A.  (retired); 
Past-President,  Am.  Soc.  C.  E. 

Section  H.— Miscellaneous. 

Octave  Ohantjte,  Past-President,  Am.  Soc.  C.  E. 


SECRETARY: 

Charles  Wabben  Hunt,  Secretary ^  Am.  Soc.  C.  E. 

COMMITTEE  IN  ChARQE  OF  ENQINEERINQ  CONGRESS. 

Henbt  S.  Haines,  Chairman,  Detroit,  Mich. 

li.  F.  G.  BoDSCABBN,  Vice- Chairman,  Cincinnati,  Ohio. 

CflABLES  Wabben  Hunt,  Secretary,  New  York  City. 

Joseph  M.  Knap,   Treasurer,  New  York  City. 

William  Metcalf,  Benjamin  M.  Habbod, 

Pittsburg,  Pa.  New  Orleans,  La. 

William  P.  Cbaighill,  Geobgb  W.  Melville, 

Charlestown,  W.  Va.  Philadelphia,  Pa. 

M.  T.  Endicott,  Elmeb  L.  Cobthell, 

Washington,  D.  C.  New  York. 

Joseph  Bamsey,  Jr. ,  Hunteb  McDonald, 

St.  Louis,  Mo.  Nashville,  Tenn. 

BoBEBT  W.  Hunt,  Palmeb  C.  Bicketts, 

Chicago,  111.  Troy,  N.  Y. 

Ij.  B.  Stillwell,  M.  L.  Holman, 

New  York.  St.  Louis,  Mo. 

Oeobge  B.  Post,  Alfbed  Craven, 

New  York.  New  York. 

Joseph  O.  Osgood,  Geobge  H.  Pegbam, 

Jersey  City,  N.  J.  New  York. 

Geobge  S.  Davison,  Pittsburg,  Pa. 


COMMITTEE  OF  ARRANGEMENTS  FOR  THE  ANNUAL 
CONVENTION. 

Geobge  H.  Pegbam,  Chairman; 

Alfbed  Cbaven,  Geobge  S.  Davison, 

Joseph  O.  Osgood,  Hunteb  McDonald, 

Chas.  Wabren  Hunt,  Secretary. 
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COMMITTBB  OP  ARRANGEMENTS  FOR  THE  ENTERTAINMENT 
OP  MEMBERS  OP  THE  INSTITUTION  OF  CIVIL  ENGINEERS. 


Chables  Hebmany,  Chairman, 
Chables  Paine, 
D.  J.  Whtttemobe, 
Thomas  C.  Ebefeb, 
Octave  Chanute, 
Mendes  Cohen, 
William  Metoalf, 
William  P.  Cbaiohell, 
Benjamin  M.  Habbod, 
Desmond  FitzGebald, 
John  F.  Wallace, 
J.  James  R.  Oboes, 
Bobebt  Moobe, 
J.  A.  Bensel, 

A.  P.  BOLLEB, 

B.  S.  Buck, 

O.  W.  Buchholz, 
Thbodobe  Ooopeb, 
Fosteb  Orowell, 
S.  L.  F.  Deto, 
G.  J.  Fiebegeb, 
G.  S.  Gbeene,  Jr., 
O.  E.  Gbunsky, 


Alfbed  Noble,  Vice-Chai'nnan. 

Allen  Hazen, 

BuDOLPH  Hebino, 

Clemens  Hebsohel, 

Alex.  C.  HuBiPHBETs, 

L.  M.  Johnson, 

J.  J.  Kennedy, 

Nelson  P.  Lewis, 

Chas.  Macdonald, 

Edwabd  P.  Nobth, 

E.  E.  Olcott, 

Wm.  Babclay  Pabsons, 

Geo.  H.  Pegbam, 

Samuel  Bea, 

Jos.  Bamsey,  Jr., 

J.  V.  W.  Beyndebs, 

A.  A.  Bobinson, 

W.  L.  Saundebs, 

0.  0.  SCHNEIDEB, 

J.  Waldo  Smith, 
Wm.  H.  Wiley, 

W.  J.  WiLOUS, 

Chab.  Wabben  Hunt,  Secrefwy. 


UNIVERSAL  EXPOSITION,  ST.  LOUIS,  1904. 

The  Sociefcj  has  undertaken  to  provide  for  an  engineering  exhibit, 
and  the  establishment  of  Headquarters  for  visiting  engineers  In  the 
center  of  the  Liberal  Arts  Building:,  and  the  Board  of  Direction  has 
appropriated  sufficient  funds  to  defray  the  necessary  expense. 
This  matter  is  in  the  hands  of  the  following  Committee: 
Bobebt  Moobe,  M.  Am.  Soo.  0.  E.,  St.  Louis,  Mo.,  Ghairmati, 
Edwabd  0.  Cabteb,  M.  Am.  Soc.  O.  E. ,  Chicago,  HI. 
MoBDEOAi  T.  Endicott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C. 


James  L.  Fbazieb, 
William  Jackson, 
Emel  Euiohlino, 
J.  L.  Van  Obnum, 
JoBN  F.  Wallace, 
O.  E.  MOQENSEN,  Sec'ti/j 


Frankfort,  Ind. 
Boston,  Maps. 
New  York,  N.  Y. 
St.  Louis,  Mo. 
Chicago,  111. 
St.  Louis,  Mo. 
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PRIVILEQBS  OF  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OP  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Ens:lneer8  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days 
from  9  A.  M.  to  5  p.  M.  Members  will  also  be  welcome  at  the  meetings, 
which  are  held  in  the  same  building  on  the  evenings  of  the  fourth 
Wednesday  in  January,  and  the  third  Wednesdays  of  other  months,, 
except  July  and  August. 

The  rooms  of  the  St.  Louis  Engineers'  Club,  in  the  business  center 
of  St.  Louis,  will  be  kept  open  during  the  World's  Fair  season.  May 
Ist  to  December  1st,  1904,  and  visiting  engineers  are  cordially  invited 
to  use  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  the  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Civil  En- 
gineers. The  rooms  of  the  Society,  410  Penn  Ave.,  Pittsburg,  Pa., 
are  open  at  all  times,  and  meetings  are  held  as  follows,  except  during 
July  and  August.  BbouiiAb  Section,  Third  Tuesdays;  Chemical 
Section,  Thursdays  following  third  Tuesdays;  MECHANiCAii  Section, 
first  Tuesdays;  Stkuoturaij  Section,  Fourth  Tuesdays. 

The  Western  Society  of  Engineers^  Monadnock  Block,  Chicago, 
m.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  with  the  good  offices  of  its  Secretary  and  of  a 
special  committee  appointed  for  that  purpose. 

The  Civil  Engineers'  Club  of  Cleveland,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  have  been  made,  and  bibliographies  and  other  information 
on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 
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Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost 
of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE   LIBRARY. 

From  May  11th  to  August  6th,  1904. 

DONATIONS.* 

QENBRAL  INDEX  TO  THE  STREET  RAILWAY  JOURNAL  BY  SUBJECTS  AND 
AUTHORS. 

Oct.,  1884,  to  Dec,  1903,  Including  Vols.  I-XXII.  Cloth,  10  x  8 
ins.,  162  pp.     New  York,  McGraw  Publishing  Company,  1904.     $5.00. 

This  Index  oovere  the  articles  in  the  American  edition  of  the  Street  Raihoay  Journal, 
The  differences  in  the  International  edition  are  so  great  that  the  Index  would  be  prac- 
tically useless  i^  applied  to  that.  No  attempt  has  oeen  made  to  preserve  the  original 
captions  of  the  articles.  Except  in  the  author's  index,  the  index  is  one  of  subjects,  not 
of  titles,  and  in  a  long  article,  where  different  topics  have  been  treated  at  length,  sep- 
arate entries  of  these  different  topics  have  been  made  as  far  as  possible.  In  addition, 
all  articles  susceptible  of  geographical  designation  have  been  indexed  under  the  name 
of  the  city  or  country  to  which  the  subject  has  pertained.  For  this  reason,  it  Is  thought 
that  the  entries  under  each  city  will  comprise  practically  all  the  references  in  the  paper 
to  events  and  apparatus  in  that  city.  In  case  of  nearly  all  the  cities  the  articles  are  in- 
dexed Independently  of  the  names  of  the  street  railway  companies,  except  where  tbey 
refer  to  corporate  events,  such  as  a  change  in  officers,  aDDual  reports,  etc.  As  far  as 
possible,  an  article  or  topic  has  been  entered  under  one  beading  only,  but  it  is  thought 
that  by  the  system  of  cross  references  adopted  any  important  article  can  be  found 
readily  by  a  little  search. 

ELECTRICITY  AND  MATTER. 

By  J.  J.  Thomson.  Cloth,  8x5ins.,  162  pp.,  illus.  New  York, 
Charles  Scribner's  Sons,  1904. 

In  these  lectures,  given  at  Yale  Universitv  in  May,  1906,  the  author  has  attempted  to 
discuss  in  a  simple  and  untechnical  manner  the  beanxigs  of  the  recent  advances  made  in 
electrical  researches  upon  the  views  of  the  constitution  of  matter  and  the  nature  of 
electricity;  two  questions  which  in  the  author's  opinion,  are  so  intimately  connected,  that 
the  solution  of  one  would  supply  that  of  the  other.  A  characteristic  feature  of  recent 
electrical  researches,  such  as  the  study  and  discovery  of  Cathode  and  ROntgen  rays  and 
radio  active  substances,  has  been  the  degree  in  which  they  have  involved  the  relation 
between  matter  and  electricity.  The  contents  are:  Representation  of  the  Electric  Field 
by  Lines  of  Force;  Electrical  and  Bound  Mass;  Effects  Due  to  the  Acceleration  of  Fara- 
day Tubes;  The  Automatic  Structure  of  Electricity;  The  Construction  of  the  Atom; 
Radio-Activity  and  Radio- Active  Substances. 

LBS  ACIERS  SPECIAUX. 

Aeiers  au  Nickel,  Aciers  au  Manganese,  Aciers  au  Silicium.  Par 
Leon  Quillet.  Preface  de  Henry  Le  Chatelier.  Paper,  11x9  ins., 
4-f  100  pp.,  illus.     Paris,  Vve.  Ch.  Dunod,  1904.     10  francs. 

The  author  has  attempted,  in  this  work,  to  show  the  recent  industrial  advancement 
and  the  progress  in  the  manufacture  of  steel.  He  has  himself  made  a  number  of  ex- 
periments with  special  samples  of  steel  and  in  this  work  he  gives  the  results  and  also 
Aows  the  composition  and  treatment  of  different  kinds  of  steel.  This  book  is  intended 
as  a  study  of  the  micrography  of  nickel,  manganese  and  silicon  steel.  It  contains  the 
analyses  and  diagrams  of  tests  of  various  kinds  for  steel.  An  account  is  given  of  the 
conditions  under  which  these  various  alloys  may  be  used. 

FORMULAIRE  DES  CENTRAUX. 

Besum^,  par  Ordre  Alpbabetique  des  Cours  et  Projets  de  Tfecole 
Centrale,  Augmento  de  Tables  UsuelJes  et  d'un  abrego  de  Legislation. 
Par  J.  B.,  Ingenieur  des  Arts  et  Manufactures.  Deuxirme  edition, 
revue,  corrigee  et  completee.  Leather,  6x4  ins.,  11  +  314  pp.,  illus. 
Paris,  Vve.  Ch.  Dunod,  li  04.     6  francs. 

This  handbook  contains  solutions  of  problems  which  engineers  are  obliged  to  solve 
offhand.    These  were  worked  out  by  the  author  in  the  courses  at  the  ISoole  Centrale. 

*  Unless  otherwise  specified  books  in  this  Ust  have  been  donated  by  the  publishers. 
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They  are  presented  In  dictionary  form  and  have  been  reduced  to  pocket  size.     The 
author  has  tried  u>  exclude  from  the  text  all  theories  and  long  explanations  in  order  to 

£  resent  the  problems  in  a  uniform  and  condensed  manuer.  The  manufacturer  may  find 
kbles  and  formulas  for  verifying  any  plans  and  the  engineer  may  find  in  convenient 
form  the  necessary  matter  for  studying  any  project  in  mechanics,  construction,  elec- 
tricity, hydraulics,  eU*. 

BOILER  CONSTRUCTION. 

A  Practical  Explanation  of  the  Best  Modern  Methods  of  Boiler 
Construction  from  the  Laying  Out  of  Sheets  to  the  Completed  Boiler. 
By  Frank  B.  Kleinhans.  Cloth,  8x6  ins.,  421  pp.,  illus.,  5  plates. 
New  York,  Derry-Collard  Company,  1904.     »3.00. 

The  preface  states  that  the  matter  compiled  for  this  work  represents  the  most 
modem  practice.  In  trying  to  get  this  matter  in  such  shape  as  to  be  generally  useful, 
the  author  has  deemed  it  inadvisable  to  illustrate  and  describe  the  methods  used  by 
.  the  builders  of  each  of  the  many  prominent  boilers  now  being  built  for  various  classes 
of  work;  and.  as  the  operations  on  different  maicesof  boilers  are  so  similar  to  each 
other,  ft  has  been  considered  best  to  devote  a  section  to  the  description  of  boilers  in 
general.  Following  this,  the  locomotive  boiler  is  taken  up  in  the  order  in  which  the 
work  goes  through  the  shop.  Sections  are  given  on  testing  boilers,  and.  finally,  one 
section  is  devoted  to  useful  table?.  These  tables  have  been  grouped  together,  and  are 
intended  to  give,  as  nearly  as  possible,  all  the  data  necessary  in  the  construction  of  a 
boiler,  together  with  the  stresses  which  would  be  set  up  in  the  various  members  due  to 
steam  pressure  and  expansion.    There  is  an  alphabetical  index  of  ten  pages. 

TREATMENT  OP  SEPTIC  SEWAGE. 

By  George  W.  Rafter,  M.  Am.  Soc.  C.  E.  Cloth,  6x4in8.,  137 
pp.     New  York,  D.  Van  Nostrand  Company,  1904.     50  cents. 

In  this  book  the  author  has  attempted  to  give  some  of  the  more  important  develop- 
ments in  the  bacterial  treatment  of  sewage,  bitt,  owing  to  the  limitations  of  size,  none 
of  these  can  be  considered  very  complete.  The  woi*k  is,  in  effect,  a  series  of  hints, 
together  with  indications  of  preferable  treatment.  The  author  states  that  in  such  a 
book  there  is  very  little  original  work,  and  the  facts  and  opinions  are  necessarily  largely 
drawn  from  the  studies  of  others.  An  attempt  has  been  made,  so  far  as  possible  within 
the  limits  of  a  book  of  this  size,  to  place  the  septic  method  in  its  proper  relation  to 
other  systems  of  sewage  disposal. 

TRAIN  RULES  AND  TRAIN  DISPATCHING. 

A  Practical  Gaide  for  Train  Dispatchers,  Enginemen,  Trainmen 
and  all  who  have  to  do  with  the  Movement  of  Trains.  By  H.  A. 
Dal  by.  Leather,  6x4  ins.,  2*21  pp.,  illus.  New  York,  Derry-Collard 
Company,  1904.     91.50.  • 

The  author  states  that  this  book  is  a  series  of  suggestions  which  have  come  to  him 
from  time  to  time.  In  dealing  with  these  subjects  he  nas  btarted  at  the  beginning,  hop- 
ing to  be  able  to  assist  those  who  are  in  need  of  instruction.  The  author  hopes  that, 
with  this  book,  the  learner,  with  the  experience  he  himself  gains,'  may  attain  a  valuable 
degree  of  proficiency.  It  is  with  this  hope  that  this  volume  is  offered  as  the  result  of  a 
numt>er  of  years  of  experience  as  operator  and  train  dispatcher  in  various  parts  of  the 
country.  Some  of  the  subjects  dealt  with  are:  Standard  code  for  both  single  and 
double  track:  standard  time  at  all  points;  clearance  cards;  staff  siystem  of  running; 
protecting  trains;  specied  rules,  train  classification,  rights,  orders,  sigoAls  and  identi- 
fication; work  trains  and  extras,  location  of  offices,  etc.  There  is  an  index  of  four 
pages. 

ELECTRICAL  MOTOR  INSTALLATIONS. 

A  Book  for  Factory  Owners  and  Other  Users  of  Steam  Power.  By 
F.  J.  A.  Matthews,  A.  M.  I.  E.  E.  Boards,  9x6  ins.,  194  pp.,  illus. 
Manchester,  Scientific  Publishing  Company.    2  shillings  6  pence,  net. 

The  author  has  prepared  thlH  second  edition,  in  which  a  great  portion  of  the  matter 
in  the  first  edition  has  oeen  rewritten  and  many  additions  made.  He  states  that  all 
technical  terras  have  been  avoided  as  far  as  possible.  The  chapter  on  motor  installations 
in  actual  use  has  been  extended,  and  one  has  been  added  on  Electricity  Applied  to  Col- 
liery Work.    There  are  thirty-one  additional  illustrations  and  an  index  of  three  pages. 
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Gifts  have  also  bean  received  from  the  following: 


Abbot.  Heniy  L.    1  pam. 

Ala.— Qeol.   Surv.  2  bound   vol.,   8    vol., 

6  pam. 
Alton,  Kenneth.    2  pam. 
Am.  Electrochemical  8oc.    1  bound  vol. 
Am.  Gas  Lisrht  Aasoc.    1  pam. 
Am.  Inst,  of  Elec.  Enffrs.    1  vol. 
Am.  Ky.  Ansoc.    1  pam. 
Am.  Soo.  of  Heatini;  &  Ventilating  Engrs. 

1  bound  vol. 
Anthony,  Chariea,  Jr.    1  boimd  vol. 
Archltekten  Vereln  su  Berlin.    S  nam. 
A80ciacI6n    de   Ingenieros     Induslriales 

de  Barcelona.    1  vol . 
Associacao  dos  Ensrenheiroa  Civls  Portu- 
gueses.   1  vol. 
Asfioc.  of  By.  Supts.  of  Bridges  &  Bldgs. 

1vol. 
Augusta,  Ga.— Supt.  of  Canals  and  Water- 
Works,    t  pam. 
Australasian  Inst,  of  Min.  Engrs.    1  pam. 
Baker,  Ira  O.    8  pam. 
Baltimore.  Md.— Water  Board.    1  pam. 
Bangor,  Me.— Water  Dept.    1  pam. 
Baterden.  James  B.    1  pam. 
Bay  City.  Mich.-  Water  Dept.    1  pam. 
Bazin,  M.  H.    8  pam. 
Bingbamton,  N.  T.-Board  of  Health.    1 

pam. 
Bitiiminous  Coal  Trade  Assoc.    1  pam. 
Boletin  de  Miruu,  Industria  y  Construe 

ciones.    26  Nos. 
Boston,  Mass.— City  Auditor.    1  bound  vol. 
Boston,  Mass.— City  Engr.    2  pam. 
Boston  Soc.  of  Civ.  Engrs.    1  pam. 
Bowers,  George.    1  pam. 
Bridge,  J.  H.    1  bound  vol. 
Brit.  Arsoc.  for  the  Advancement  of  Sci. 

1  pam. 
Brit.  South  Africa  Co.    1  pam. 
Canada— Dept  of  the  Interior.    1  bound 

vol. 
Canada— Dept.  of  Marine  A  Fisheries.    0 

vol. 
Canada— Dept.  of  Bys.  &  Canals.    1  map. 
Canada— Supt.  of  Immigration.    1  pam. 
Canada— Tidal  Surv.    1  pam. 
Canada  Southern  By.  Co.    1  pam. 
Case  School  of  Applied  Scl.    7  pam. 
Chlcopee,  Mass.— Mayor.    1  bound  vol. 
Church,  G.  E.    1  pam. 
Churruoo.  Evaristo  de.    1  pam. 
Cincinnati,  O.— Water  Dept.    1  pam. 
City  Club  of  N.  Y.  City,    f  bound  vol. 
City  Record.     I  bound  vol. 
Clarke.  D.  D.    1  bound  vol.,  1  pam. 
Committee  of  Locomotive    &    Carriage 

Bupts.  for  India.    1  bound  vol. 
Concord,  N.  H.— Water  Commrs.    1  pam. 
Conn.  Soc.  of  Civ.  Engrs.    1  vol. 
Corthell.  E.  L.    1  pam. 
Crandall,  C.  L.    1  vol. 
Delaware  College.    1  pam. 
Dept  for  de  Offentlige  Arbeider  den  Ten- 

iske  Bevlsion.    1  pam. 
Empenrer.  Fritz  von.    2  pam. 
Eng.  Standards  Conunittee.    1  pam. 
Engrs.  Club  of  N.  T.    1  bound  vol. 
Engrs.'  Soc.  of  Western  Fa.    1  pam. 
Erie,  Fa.— Commrs.  of  Water  Works.    1 

pam. 
Escola  Folytechnica  do  Bio  de  Janeiro.    1 

vol. 
Fendall,  B.  T.    1  pam. 
Field  Columbian  Museum.    1  pam. 
Fisk,  W.  L.    8  maps,  2  pam.,  1  vol. 


Forney,  M.  N.    1  pam. 

France— Minlstdre  des   Travauz  Publics. 

2  vol. 
Frands.  George  B.    2  pam. 
Fuller.  F.  L.    18  pam. 
Fuller,  Geo.  B.    I  vol. 
Gayol,  Boberto.    1  bound  vol. 
Glasgow  Corporation  Tramways.    1  pam. 
Great  Britain— Patent   Office.     0  vol.,  9^ 

pam. 
Hague,  Charles  A.    a  pam. 
Hartford  Steam  Boiler  Inspection  and  In- 
surance Co.    1  bound  vol. 
Haverhill,  Mass.— Board  of  Water  Comnuv. 

1  pam. 
Hawaii— Territorial  Meteorologist.   1  pam. 
Hill,  William  B.    1  pam. 
Huergo,  Luis  A.    6  Dound  vol.,  2  vol. 
111.— Agrt.  Ezper.  Station.    1  bound  vol. 
111.— Bureau  of  Labor  Statistics.    1  bound 

vol.,  1  pam. 
111.— B.  B.  &  Warehouse  Comm.    1  bound 

vol. 
111.  Soc.  of  Engrs.  and  Surv.    1  vol. 
Incorporated  Assoc,  of  Hun.  and  County 

Engrs.    10  bound  vol. 
India— Director  of  By.  Construction.     2 

bound  vol. 
Indian  Midland  By.  Co.    1  pam. 
Ittst  of  Civ.  Engrs.    2  pam. 
Inst,  of  Junior  £ngrs.    1  bound  vol. 
Jnst.  of  Mech.  Engrs.     12  vol. 
Inst,  of  Naval  Architects.    0  bound  vol. 
Jackson,  D  D.    2  para. 
Jacksonville,  Fla.— Water- Works.    1  pam. 
Jacobs,  Charles  M.    8  vol. 
Japan— Imperial  Earthquake  Investigation 

Comm.    1  pam. 
Jenkins,  Wm.  Dunbar.    1  bound  vol. 
Kareisha.  8.    1  pam. 
KOnigl.  TechnischeHochschulesu  Aachen. 

1  pam. 
KrzyzanowskL  J.    1  pam. 

Lake  Shore  and  Michigan  Southern  By. 

Co.    2  pam. 
Lake  Superior  Min.  Inst.    1  pam. 
Lange.  S.    1  vol. 

Leland  Stanford  Junior  Univ.    1  vol. 
Lesley,  B.  W.    1  pam. 
Lewis,  C.    26  vol. 
Lynn,  Mass.— City  Messenger.     1  bound 

vol. 
Lynn,  Mass.— Pub.  Water  Board.    1  pam. 
Madras— Pub.  Works  Dept.    6  bound  vol. 
Magyar  M6m0k-es  tpitAaz  Egylet.    1  pam. 
Maignen,  P  J.  A.    Ipani. 
Manchester,     N.     H.— Board     of   Water 

Commrs.    1  pam. 
Marburg,  Edgar.    1  vol. 
Marlborough,  Mass.- Water  Commrs.     1 

pam. 
Maryland  Geological  Surv.    1  pam. 
Mass.— Met.  Water  and  Sewerage  Board. 

2  bound  vol 

Mass.— B.  B.  Conunrs.    1  bound  vol. 

Mead,  D.  W.    1  p«un. 

Mead,  Elwood.    2  pam. 

Met.  By.  Co.    1  pam 

Mexican  InternatioLljil  B.  B.  Co.    1  pam. 

Miitheilu7igen  Uber  Oegenatande  Des  Ar- 
tillentuund  Genie-Wesens.  6  vol.,  1 
pam..  8  nos. 

Mogensen,  (>.  E.    1  vol. 

Mont.— Bureau  of  Agri.,  Labor  and  Indus- 
try.   2  vol..  2  pam. 

Moni  real— Harbour  Commrs.    1  pam. 
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Nashville,  Tenn.    1  pam. 

NashvlUe,  Tenn.— BliBe  Inspector.    1  vol. 

National  Mosquito  Extermination  Soc.    1 

bound  vol. 
New  Bedford,  Mass.— Supt  of  Streets.    1 

pam. 
New  Bedford,  Mass.— Water  Board.  Ipam. 
New    Britain,    Conn.— Board     of    Water 

Commrs.    1  pam. 
N.  J.— Commr.  of  Pub.  Roads.    1  bound 

vol. 
N.  J.— Health,  Board  of.    i  bound  vol. 
N.  J.— State  Geologist.    1  bound  vol. 
N.  J  —State  Sewerage  Comm.     1   bound 

vol. 
New  South  Wales— Dept.  of  Mines  &  Agrl. 

8  bound  vol.,  4  vol. 
New  South  Wales— Dept.  of  Pub.  Works. 

1  bound  vol. 
New  South  Wales— Met.  Board  of  Water 

Supply.    1  pam. 
N.  Y.  Ofty— ^  Comm.    8  pam. 
N.  Y.  City— Tenement   House  Comm.     2 

bound  vol. 
N.  Y.— Commrs.  of  State  Reservation  at 

Niagara.    1  pam. 
N.  Y.  State— Dept.  of  Labor.    6  bound  vol. 
N.  Y.  State— Pub.    Bldgs.,   Dept.   of.     1 

bound  vo>. 
N.  Y.  Univ.    Ipam. 
New  Zealand— Registrar-Oeneral.  2  bound 

vol.,  1  vol. 
Newlands,  Francis  G.    2  pam. 
Newport,  Ky.— Water-Works.    1  pam. 
Newton,  Mass.— City  Engr.    8  pam. 
Noble,  Alfred.    8  vol. 
N.  C— State  Board  of  Health.    4  pam. 
North- East  Coast  Inst,  of  Gngrs.  and  Ship- 
builders.   8  vol. 
Oesterreichischer  Ingenieur  und  Archltek- 

ten  Verein.    1  pam. 
Ohio— Geol.  Surv.    1  bound  vol. 
Ohio— State  Board  of   Health.    1    bound 

vol., 
Ohio  Soc.  of  Survs.  and  Engrs.    8  vol. 
Otagawa,  M.    8  pam. 
PaTR.  R.  Co.    1  nam. 
Pdre  Marquette  R.  R.  Co.    1  pam. 
Post,  J.  W.    4  pam. 
Princeton  Club  of  N.  Y.    1  bound  vol. 
Providence,  R.  I.— City  Engr.    1  pam. 
Providence,  R.  I.— Commr.  of  Dams  and 

Reservoirs.    1  bound  vol. 
Purdue  Soc.  of  Civ.  Eng.    8  pam. 
Richardson,  Clifford.    Ipam. 
Ripley,  Joseph.    1  pam. 
Roadmasters  &  M.  of  W.  Assoc.    1  pam. 
Robinson,  A.  W.    1  pam. 
Root,  Wm.  S.    1  pam. 
Rose  Polytechnic  Inst.    1  vol. 
Sacramento,  Cal.— Surv.-Gen.    12  pam. 
Schiffbautechnische  Gesellschaft.  6  bound 

vol. 
Socledad  Cientiflca  Argentina.    6  nos. 
Soc.  of  Engrs.    1  bound  vol. 
Soc.  of  Naval  Arch,  and  Marine  Engrs.    1 
bound  vol. 


Somerville,   Bftass.— Board   of  Health.     1 

pam. 
Somerville,  Mass.— City  Clerk.    1  pam. 
Somerville^     Mass.— water     Conunr.      1 

pam. 
South  Eastern  Ry.  Co.,  London,  Eng.    1 


Springfield,  111.— Pleasure  Driveway  and 
Park  District,   Board  of  Trustees.     1 


Stevens  Inst,  of  Tech.    8  pam. 

Svenska  Teknologf  {Jreningen.    1  pam. 

Tenn.— Chf .  BOne  Inspector.    6  vol. 

Thompson,  R.  A.    1  pam. 

Tillson,  Geo.  W.    1  pam. 

Tokyo— Imperial  Univ.    1  vol. 

Tripp,  Oscar  H.    1  vol. 

Tumeaure,  T.  E.    1  pam . 

Tuttle,  George  W.    Ipam. 

U.  S.  Bureau  of  Forestry.    6  pam. 

U.  S.  Bureau  of  Medicine  and  Surgery.    6 

vol. 
U.  S.  Bureau  of  Statistics.    1  bound  vol. 
U.  S.  Census  Bureau.     1   bound  vol.,  1 

pam. 
U.  S.  Chf.  of  En^rs.    60  specif. 
U.  S.  Chf.  of  Ordnance.    1  bound  vol. 
U.  S.  Commr.  of  Labor.    1  vol. 
U.  S.  Dept.  of  Aurri.    1  bound  vol. 
U .  S.  Director  of  the  Consus.    1  pam. 
U.  8.  Div.  of  Foreign  Markets.    S  pam. 
U.  S.  Geol.  Surv.    1  bound  vol.,  11  vol.,  20 

pam.,  6  Geologic  Atlases. 
U.  S.  Interstate  Conmierce  Comm.  1  bound 

vol.,  8  pam. 
U.  S.  Nautical  Almanac  Office.     1  bound 

vol. 
U.  S.  Office  of  Exper.  Stations.    1  pam. 
U.  S.  Office  of  Pub.   Road  Inquiries.     8 

pam. 
U.  B.  War  Dept.,  Chf.  of  Staff.    1  map. 
U.  S.  Weather  Bureau.    7  bound  vol.,  4 

pam. 
United  Water  Improvement  Co.    1  pam. 
Univ.  of  Arizona.    1  pam. 
Univ.  of  III..  Mech.  EnK.  Dept.    1  pam. 
(Jniv.  of  Kansas.    8  voL 
Univ.  of  Mich.  Eng.  Soc.    1  vol. 
Univ.  of  Minn.    8  vol.,  20  pam. 
Univ.  of  Mo.    1  vol.,  2  para. 
Univ.  of  Texas  Mineral  Surv.    1  vol. 
Univ.  of  Vermont.    46  pam. 
Univ.  of  Wis.    1  vol. 

Wager  Computing  Scale  Co.    1  diagram. 
Washington  Univ.    1  vol. 
W.  Va.— Chf.    Mine   Inspector.    1   bound 

vol. 
Wilmington— Board  of  Park  Commrs.    1 

pam. 
Wis.  Geol.  and  Natural  History  Surv.    8 

vol. 
Wobum,  Mass.— Water  Dept.    1  pam. 
Woodbrldge,  S.  H     1  pam. 
Woodbury.  C.  J.  H.    l  pam. 
Woods,  Robert  P.    1  pam. 
Worcester,  Mass.— City  Engr. 


2  pam. 


Wyoming-  St  Ate  Geologist.    2  pam. 
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BY    PURCHASE. 

Traite  THeorique  et  Pratique    des  Moteurs  a  Qaz  et  a  Petrole. 

Par  Aim^  Witz.  4e  Edition,  Be  fondue  et  Enti^rement  BemaDi^e. 
2  vol.     Paris,  E.  Bernard,  1903-1904. 

A  Treatise  oo  tlie  Principles  and  Practice  of  Docic  Engineering. 

By  Brysson  Cunningham,  Assoc.  M.  Inst.  0.  E.  London,  Charles 
Griffin  k  Company,  Limited,  1904. 

Report  of  the  Departmental  Committee  on  the  Use  of  Electric- 

itv  in  Mines;  appointed  by  H.  M.  Principal  Secretary  of  State  for  the 
Home  Department.     London,  1904. 

Traite  Pratique  de  Traction  Eiectrique.  Par  L.  Barbillion  et  G. 
J.  Griffisch.     2  vol.     Paris,  E.  Bernard  et  Cie,  1903. 

Berechnuns  und  Konstruktion  der  Schlffsmaschlnen  und  -Kessel: 

Ein  Handbuch  zum  Gebrauch  fiir  Konstrukteure,  Seemaschinisten 
und  Studierende.  Von  G.  Bauer,  unter  Mitwirkung  der  E.  Ludwig, 
A.  Boettcher  und  H.  Foettinger.  Zweite  vermehrte  und  verbesserte 
Auflage.     Miinchen  und  Berlin,  B.  Oldenburg,  1904. 

Official  Gazette  of  the  United  States  Patent  Office.  16  vol., 
106  nos. 

Report  on  the  Warrior  Coal  Basin.  By  Henry  McCalley,  As- 
sistant State  Geologist,  Geological  Survey  of  Alabama.  Jacksonville, 
Fla.,  1900. 

The  Encyclopedia  Americana.  A  General  Dictionary  of  Arts  and 
Sciencas,  Literature,  History,  Biography,  Geography,  etc.,  of  the 
World.     Vol.  12-15.     New  York,  Chicago,  The  American  Company. 

Engineering  Standards  Committee.  Beport  on  the  Influence  of 
Gauge  Length  and  Section  of  Test  Bar  on  the  Percentage  of  Elonga- 
tion. By  W.  C.  tJnwin.  London,  Crosby  Lock  wood  and  Son,  1903. 
(British  Standard  Sections,  No.  3.) 

Engineering  Standards  Committee.  Beams.  London,  Crosby 
Lockwood  and  Son,  1903.     (British  Standard  Sections,  No.  4.) 

Die  Dampfturbinen  mit  einem  Anhange  uber  die  Aussichten  der 

Warmekraftmaschinen  und  iiber  die  Gasturbine.  Von  Dr.  A. 
Stodola.  Zweite,  bedeutend  erweiterte  Auflage.  Berlin,  Julius 
Springer,  1904. 

The  Metallurgy  of  Steel.  By  F.  W.  Harbord ;  with  a  Section  on 
the  Mechanical  Treatment  of  Steel.  By  J.  W.  Hall,  A.  M.  Inst.  C.  E. 
London,  Charles  Griffin  &  Company,  1904. 

Sciences  et  Arts  Militaires.  Organisation  Militaire — Tactique— 
Artillerie —Transports  a  la  Suite  des  Armees  Droit  Militaire.  Par 
fimile  Dardart,  et  Le  Cjipitaine  X.  de  I'lnfanterie  Coloniale.  Paris, 
Vve  Ch.  Dunod,  1904.  (Bibliotheque  du  Conducteur  de  Travaux 
Publics.) 
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Entropy;  or,  Thermodynamics  from  an  Engineer's  Standpoint, 
and  the  Reversibility  of  Thermodynamics.  By  James  Swinbnme. 
Westminster,  1904. 

The    Experimental    Bacterial    Treatment   off   London    Sewage,. 

being  an  Account  of  the  Experiments  carried  ont  by  the  London 
County  Council  between  the  years  1892  and  1903.  By  Frank  Clowes 
and  A.  C.  Houston.  Printed  for  the  London  County  Council,  Lon- 
don. 

Ready  Reference  Tables,  Vol.  1.  Based  on  the  Accurate  Legal 
Standard  Values  of  the  United  States,  Conveniently  Arranged  for  En- 
gineers, Physicists,  Students,  Merchants,  etc.  By  Carl  Hering,  Past- 
Pres. ,  Am.  Inst.  E.  E.  New  York,  John  Wiley  and  Sons;  London,  Chap- 
man and  Hall,  Limited,  1904. 

The  Theory  of  the  Lead  Accumulator  (Storage  Battery).     By 

Friedrich  Dolezalek.  Translated  from  the  German,  with  the  Sanc- 
tion of  the  Author,  by  Carl  L.  von  Ende.  New  York,  John  Wiley  and 
Sons;  London,  Chapman  and  Hall,  Limited,  1904. 

English  and  American  Steam  Carriages  ana  Traction  Engines.. 

By  William  Fletcher,  M.  Inst.  Mech.  E.  New  York,  Longmans, 
Green  &  Co.,  1904. 

Michigan  Engineer.  Containing  the  Proceedings  of  the  Michigan 
Engineering  Society  for  1904.  Published  by  the  Society,  Climax, 
Mich. 

Trow's  General  Directory  off  the  City  off  New  York.  Vol.  118,. 
1904.     New  York,  Trow  Directory  Co. 


SUMMARY  OF  ACCESSIONS. 

May  11th  to  August  6th,  1904. 

Donations  (including  39  duplicates  and  36  numbers 

completing  Tolumes  of  periodicals) 676 

By  purchase 20 

Total 696- 
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MEMBERSHIP. 


ADDITIONS. 

lOBMBEBS.  Date  of 

Memberahip. 

Ahbbn,  Jibbviah.    Eogr.,  U.  S.  Geological  Survey,  Becla- 

mation  Servioe,  Cody,  Wyo May    4,     1904 

Babiobb,  MoBTiKEB  Gbabt.    U.  S.  Jiinior  EngT. ,  (  Assoo.   M.  Nov.   2,    1898 

K.  P.  D.,  No.  2.  Geneseo,  III (  M.  May  81,  1904 

BowsBB,  Edmund  Hamilton.    Gen.   Mgr.,  Southern  Creosot- 

ingCo.,P.  O.  Box37,  81idell,La..: June  1,   1904 

^             „     ,           ^            „  I  Jnn.  Sept.   5,  1888 

Clabke.  St.John.    Bogota,N.J j^  j^^^  1    ^^ 

OoNH,  Fbank  Winbluw.  Ghf.  Engr.,  Trantdt  Finance  Co. 
of  New  Tork  and  Philadelphia,  2136  Land  Title  Bldg., 
Philadelphia,  Pa June  1,   1904 

DzLUENBacK,  Clabk.  Aaat.  Engr.,  P.  A  B.  By.  Co.,  502  Bead- 
ing Termiaal,  Philadelphia,  Pa June   1,  1904 

DuNLAP,   Fbedbbic  Clabk.    7821    Walker   St.,    Holmesburg, 

Philadelphia,  Pa June   1,   1904 

EUiSwoBTH,  Emobt   AiiEXAHDXB.     18  Dwight   St.,   Holyoke, 

Mass  June  1,   1904 

Embbson,  Gut  CABiiBTON.   Cons.   Civ.   Engr.,   19  Grovenor 

Bd.,  Boston,  Mass May    4,    1904 


Fbancis,  Walteb  Joseph.   Engr.  of  Hydr.  Locks,  (  Assoc.   M.  M.ay    1,    1901 

Trent  Canal,  Peterborough,  Ont.,  Canada.  (  M.  April  6,  1904 

FuLLEB,    Geobgb  Wabben.     (Budolph  Bering  &  (               »,  ^        ^1000 

George  W.  Fuller,  Hydr.  and  San.  Engrs.),]^««o<^-  ^'  ^^'  ^;   jj^ 

170  Broadway,  New  York  City i^'  May  31,  i»04 

Hamun,  Homeb.    Engr.,  U.  S.  Geological  Survey,  Beclama- 

tion  Service,  1108  Braly  Bldg.,  Los  Angeles.  Cal.. . ! . . . .  May   4,    1904 

Hammond,  Aix>nzo  John.    City  Engr.,  South  Bend,  Ind June    1,  1904 

Hemming,  Duncan  Wiboman.    602  West  143d  St.,  (  Assoc.  M.  Fept.   7,  1892 

NewYorkCity I  M.  May  31,  1904 

HoNENS,    Fbbdebiok    William.      U.    S.    Junior  (  Assoc.   M.  April    3,  1901 

Engr.,  U.  S.  Engr.  Office,  Sterling,  111. . . .  (  M.  May  31,  1904 

HuMFHBEY,  BicHABD  Lbvis.    Coub.  Engr.,  1001  j  Assoc.   M.  May  •  5,    1897 

Harrison  Bldg.,  Philadelphia,  Pa (  M.  May    8,     1904 

Mabshall,   Bobebt    Bbadfobd.    U.    S.    Geological    Survey, 

Sacramento,  Cal May    4,    1904 

(Jun.  July    2,    1890 

Moses,  John  Cbangh.    Chf .  Draftsman,  The  Bob*  J  Aaaoc    M  May    4     1898 

tonBridge  Works,  Inc.,  Cambridge,  Mass.  I  j^       '  ^       g'    jgO^ 

Nauman,  Geoboe.     Union  Station,  Harrisburg,  Pa May   4,    1904 

Pai«meb,    John   Elden.    (Gow   &  Palmer,   Civ.   Engrs.  and 

•  Contrs.),  50  Congress  St.,  Boston,  Mass June  1,    1904 

Bebeb,   Henbt  Linton.    Secy.,   Gen.  Mgr.  and  Chf.  Engr., 

Kinloch  Telephone  Co.,  St.  Louis,  Mo May   4,    1904 
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Spbjioue,  Fbaivx  Julian.    20  Broad  St.,  New  York  City June  1»  1904 

SuHB,  Otto  Bbuno.    Engr.  in  Ohg.,  The  Ontario  Power  Co., 

Niagara  Falls,  Ont,  Canada June  1,  1904 

SwAMKKB,  John  Edwabd.  Gen.  Mgr.,  Tees  Side  Bridge  A  Eng. 

Works,  Ltd.,  Middlesbrough,  England May  4,  1904 

TATiiOB,  Bbnjamin  Hknbt.    Cbf.  Engr.,   Carnegie  Steel  Co., 

323  Swissyale  Ave.,  Edgewood  Park,  Pa May  4,  1904 

Thohbon,  Ebnxst  Bubslem.    U.  S.  Asst.  Engr.,  (  Assoc.  M.  June  6,  1901 

U.  S.  Engr.  Office,  Miami,  Fla 1  M.  May  31,  1904 

TIighb,  James  Lawbbncb.      City  Engr.;  Engr.,  (  Assoc.  M.  Oct.  6,  1898 

Holyoke  Water  Works,  Holyoke,  Mass  . . .  <  M.  May  31,  1904 

Walkbb,  Clbment   Isaac.     Chf.  Engr.,  Union  (  »     .,  , 

Subway  Constr.  Co.,  1170  Broadway.  New  \  ^^^-  ^'  ff  "^  ^  ]^^] 

York  City i^'  ^^^  ^'  ^^ 

WiTMEB,  Joseph  FBANXiiiN.    Hydr.  and  San.  Engr.,   Cbapin 

Blk.,  Buffalo,  N.  Y May  4,1904 

ASSOCIATE  MEMBEBS. 

Allen,  Chables  Metcalf.    Asst.  Prof,  of  Experimental  Eng., 

Worcester  Poly.  Inst.,  Worcester,  Mass June  1,  1904 

Belknap,  John  Mansfield.    Prin.  Asst.  Engr.,  West  Indies 

Constr.  Co.,  Box  664,  San  Juan,  Porto  Bico May  4,  1904 

Best,  John  Henbt.    U.  S.  Junior  Engr.,  1515  N.  Monroe  St., 

Peoria.   Ill June  1,  1904 

Bbbnn.  Chables  Fbbdinan]>.    Bed  Lodge,  Mont May  4,  1904 

Chubohill,  Pebcxyal  Mitchell.      U.  S.  Geological  Survey, 

Chamber  of  Commerce  Bldg.,  Denyer,  Colo June  1,  1904 

Dallis,  Pabk  Andbew.    Greenville,  8.  C... June  1,  11;04 

DiLLABD,  John  Lea.  Asst.  Engr..  N.  &  W.  By..  Boxley,  W.  Ya.  June  1,  1904 

DxxoN,  DeFobbst  Halsted.      166   Bemsen  St,  |  Jun.  May  3,  lb9& 

Brooklyn,  N.Y  j  Assoc.  M.  Feb.  3,  1904 

DtJNN,  William  Bobebt.    139  North  3d  St.,  Easton,  Pa April  6,  1904 

Febouson,  Jakes  Easton.  Cons.  Bridge  and  Structural  Engr., 

645  Fourteenth  Ave..  Detroit,  Mich June  1,  1904 

FosTEB,   MoBTDCEB.    (Foster,   Gade  &  Graham,  Archts.),   2S1 

Fourth  Ave.,  New  York  City June  1,  1904 

Gow,  Chables  Bice.    (Gow  &  Palmer,  Civ.  Engrs.  and  Conirs.), 

25  Montview  St.,  W.  Hoxbury.  Mass June  1,  1904 

HoYT,  John  Clatton.     U.  S.  Geological  Survey,  Washington. 

D.C May  4,1904 

Hubbell,  Gboboe  Soott.  1140  Bloomfield  St.,  Hoboken,  N.  J.  June  1,  1904 

Jacobs,  Bobebt  Htde.    217  Prospect  St.,  Westfield,  N.  J May  4, 1904 

Jones,  Thomas  John.    Supt.  of  Mines,  Mountain  Copper  Co., 

Ltd.,  Iron  Mt.,  Keswick,  Cal June  1,1904 

Laoxet,  OsoabFbancib.    ElCobre  Mines,  Santiago,  Cuba....  May  4.1904 

liASLET,  Chables  Obton.    4  Bronson  PL,  Toledo,  Ohio liay  4,  1904 

MaoNaib,  Henbt  James.    144  Essex  St.,  Boston,  Mass June  1,  1904 
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Date  of 
Slemberehip. 

Maddkn.  John  Hknst.  Asst.  Engr.,  Bapid  Tranait  /  j-^  q^     -    ioqa 

Master,  Raij>h  Babton.  Care,  iBthinian  Ganal  Ck>mm.,  GatuD, 

Canal  Zone,  Panama June    1,  1904 

BfATHMON,  Ebnmt  Gbobob.     64  West  104th  St..  New  York 

City June    1,  1904 

BoBDisoK,  Habbt  Hates.     Asst.  Engr.,  Maine  Cent.  B.  B., 

238  St.  John  St.,  Portland,  Me May    4,  1904 

Sanbobn,  John  Fobbbst.  1  St  Felix  St.,  Brooklyn,  N.  Y. . . .  May  4,  1904 
Smtpbb,  Fbedbbicx  Antes.    Snpt ,  Costa  Constr.  Co.,  Summit, 

N.  J June    1,  1904 

ASSOCIATES. 

Leatbeb,  Bash.  Henbt.     Pres.,  Union  Constr.  ft  Waterproof- 
ing Co.,  -104  St.  James  Bldg.,  New  York  City June    1,  1904 

Ltman,  Biobabd  fioswELL.    116  Madison  St.,  Ithaca,  N.  Y. . . .  May    4,  1904 

MoNAHAN,  John  Joseph.    113  Devonshire  St.,  Boston,  Mass..  June    1,  1904 

JUNIOBS. 

Babe,  Joseph  Makttsl.    First  Asst.  Engr.,  Office  of  Publio 

Works,  Cerro  St.  440  B,  Havana,  Cuba ...  May  31,  1904 

Backeb.  WiLLUH  James.    467  Third  Ave.,  West  Haven,  Conn.  May  31,  1904 

CoBNisH,  LoBBNzo  Dana.    U.  K  Engr.  Office,  Beaver,  Pa April  5,  1904 

DicKE,  EnwABD  Cbbisttin.  1909  Herbert  St.,  St.  Louis,  Mo.  May  3,  1904 
Gbeknsfbldeb,  Albebt  Pbestdn.      206  Union  Station,   St 

Louis,  Mo May    3,  1904 

GuGEBTT,   EiiWABD  JosEPH.      54  East  124th  St,  New  York 

City    May    3.1904 

Uaselton,  Oaob.    469  South  Station,  Boston,  Mass May    3,  1904 

Hoop,  John  Miftlin,  Jr.    238  Park  Ave  ,  Baltimore,  Md May  31,  1904 

HvKTEB,  Lbbov  LiTTLBTiELD.  Lehi  City,  Utah  Co.,  Utah....  Jan.  5,  1904 
Ludlow,  Justin  ^^iman.    209  Adams  St.,  Boom  62,  Chicago, 

lU April  5,  1904 

McImxBB,  Thouas  Bubton.  120  Libeity  St.,  New  York  City.  Mar.  1,  1904 
Boot,  William  Stanton.     Office  of  Terminal  Engr,,  Grand 

Central  Pulace,  New  York  City Oct     6,  1903 

Shkllet,  Omwald  Pbogteb.  Cornwall,  Contra  Costa  Co^  Cal.  April  5,  1904 
SPBionE,  Edwin  Lobino,  Jr.    Care  Sbawmut  Machinery  Co., 

S2  Lincoln  St.,  Boston,  Mass May  31,  1904 


CHANOeS  OP  ADDRESS. 


Ball,  Chables  Bagkos 118  Hazel  Ave.,  Chicago,  111. 

Benhktt,  Fbedebigk  Waboneb 33  West  20th  St ,  New  York  City. 

Binelbt,  Geoboe  Holland  ...  Care,  Hadley  Derrick  Co. ,  Talbot  Bldg., 

Indianapolis,  Ind. 
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Black,  WiLLiAif  Mubbat Maj.,  Corps  of  EDgn.,  U.  S.  A.,  U.  S. 

Engr.  Office,  Portland,  Me. 
Bbown,  Alba  Fisx  .,, Seven th  St.,  Oakmont,  Allegheny  Co., 

Pa. 
Bbown,  Baxtbb  Lamont Asst.  Engr.,  Mo.  Pac.  By.,  Room  502 

Mo.  Pm.  Bldg.,  St.  Lonis,  Mo. 
Caples,  Mabtin  Joskph Sapt.,  Pocahontas  Diy.,  Norfolk  ft  West. 

Ry.  Co.,  Bluefield.  W.  Va. 
Colby,  Bbamch  Habbis ^. . Civ.    and  Cons.    Engr.,    812   Security 

Bldg.,  St.  Louis,  Mo. 
CoLBMAM,  John  Fbanois  ,..,. Cons.  Engr.,  920   Hibernia  Bank  and 

TrastBldg.,  New  Oileans,  La. 
CoBBT,  Thomas  Ayeby Supt.   of  Permanent  Way,   Ferrocarril, 

Mexicano,  City  of  Mexico,  Mexico. 
CoBTHELL,  Abtbub  Bateman Terminal  Engr.,  N.  Y.  C.  ft  H.  B.  R.  R., 

Grand  Central    Palace,  43d  St.  and 

Lexington  Ave.,  New  Tork  City. 
Davis,  Joseph  Phineas Cons.  Engr.,  1170  Broadway,  New  York 

City. 
Do6E,  Henbt  Fbedebics Care,  Isthmian   Canal  Comm.,   Colon, 

Panama. 
Ellis,  Geoboe  Ezba Post  27,  Transportation  Bldg.,  Looisi- 

ana  Purchase  Exposition,  St.  Louis, 

Mo. 

If'iBLDS,  SAsniBL  James 632  Ellicott  St.,  Buffalo,  N.  Y. 

FrrcH,  Asa  Betts 673  Walsworth  Ave.,  Oakland,  Cal. 

Fbank,  Geobob  William Saranao  Lake,  N.  Y. 

Fbazibb,  James  Lewis .Gen.  Mgr.,  California  Northwestern  Ry, 

Co.,  222  Sansome  St.,  San  Francisco, 

Cal. 
Giles,  RoBEBT Vioe-Pres.    and    Gen.    Mgr.,    National 

Bridge  Works,  1123  Broadway,  New 

York  City. 
Gbeen,  Hxjbebt  Edwabd Engr.,  U.  S.  Geological  Survey,  Div.  of 

Hydrography,  1108  Braly  Bldg.,  Los 

Angeles,  Cal. 
Haioht,  Stephen  Samuel Civ.  Engr.  and  City  Surv.,   1986  West 

Faims  Rd.  (Res.,  Buchanan  PI.,  Uni- 
versity Heights),  New  York  City. 

Hall,  Benjamin  Mobtimeb 322  Trust  Bldg.,  El  Paso,  Tex. 

Hanna,  John  Venable Prin.  Asst.  Engr.,  Frisco  System;  Care, 

Frisco  System,  St.  Louis,  Mo. 
HuBBT,  Edwabd  Henbt 7  St.  Stephen's   Mansions,   Monmouth 

Rd.,  Westbourne  Grove,  London,  W., 

England. 
Jaques,  William  Henbt , Engr.  and  Naval   Aruht ,  Little  Boar's 

Head,  N.  H. 
Johnson,  Fbancis  Robebt Vernon,  B.  C,  Canada. 
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Kastl,  AijXzandsb  Edwasd Ohf.  Engr.,  The  Denver  Union  Water 

Co.,  973  GlarkBon  St.,  Denver,  Oolo. 
EsTTH,  Gbobob  Thomas Bee.  Engr.,  Barge  Canal,  Triangle  Bldg., 

Boohester,  N.  T. 
KxifNXDT,  Jamss  Hxnbt Ohl  Engr.,  Vajiconyer,  Yiotoria  A  East. 

By.  ft  NaT.  Co.,  Grand  Forks,  B.  C, 

Canada.  • 

Ls  Babon,  John  F&akcib Cons.  Eogr.,  Pres.,  Brookside  Medicinal 

Plantation  Co.,  712  Park  Bldg.,  Cleve- 
land, Ohio. 
List,  Chablbs Assi.  Engr.,  I.  C.  C,  Colon;  care,  Pana^ 

ma  B.  B.  Co.,  24  State  St.,  New  York 

City. 
Ltomb,  Jambs  Knox ; . . Asst.  Div.  Eogr.,  Am.  Bridge  Co.,  Am- 

bridge.  Pa. ;  Address,  Elmhnrst  Inn, 

Sewickley,  Pa. 
MoComb,  Chablbs  Oscab Div.    Engr.>,   Middle   Div.,   New    York 

State  Canals,  Syracuse,  N.  Y. 
Mabstband,  Otto  Juuus Hopetonn  House,  5  Lloyd's  Ave. ,  Lon- 
don, E.  C,  England. 

Mi^iTTgT.T^  ThbophujUs Windsor  Lodge,  Taunton,  England. 

MooBNSBN,  OiiAP  EiNAB  Liberal  Arts  Bldg.,  St.  Louis,  Mo. 

MoNTOOMXBT,  JoHN  AiiBZANDBB CoBB.  Engr.,  Boom  925,  First  National 

Bank  Bldg.,  Birmingham,  Ala. 
MoBSB,  Chablxs  Adslbbbt Asst.  Chf.  Engr.,  A.,  T.  A  S.  F.  By., 

827  Harrison  St.,  Topeka,  Kans. 

MoBSB,  Chablbs  Jambs 1825  Asbory  Ave.,  Evanston,  III. 

NiOHOu,  Edwin  Jat Engr.,  M.  of  W.,  N.  Y.,  Tex.  &  Mex.  By. 

Co.  and  Qnlf,  West.  Tex.  A  Pao.  By. 

Co.,  Victoria,  Tex. 

OuiBT,  Alfbbd  Clabbnob 27  Pitt  St.,  Charleston,  S.  C. 

Pbatt,  Masok  Delano 18  North  3d  Street,  Harrisbnrg,  Pa. 

PuBDT,  CoBTDON  Ttisb 114  Liberty  St.,  New  York  City. 

Batmono,  Chablbs  Walkbb Brig.-Gen.,  U.  S.  A.  (Retired),  1  West 

34th  St.,  New  York  City. 

Batmond,  Chablbs  Wabd 1611  Larkin  St.,  San  Francisco,  Cal. 

Bobinson,  Albbbt  Alonzo Pres.,    Mex.    Cent.    By.  Co.,  Ltd.,  25 

Broad  St.,  Boom  1311,  New  York  City. 
BoooB,  John  Chablbs  Lbwis Pres.  and  Mgr.,  Contra.  Supply  Co., 

Watson's    Lane,    Westchester,    New 

York  City. 
BoPBs,  HoBAOB Div.    Engr.,   Jerome   Park    Beservoir, 

Eingsbridge,  New  York  City. 

Sawtbb,  Edwabd  100  Bellevne  St.,  Newton,  Mass. 

Sbabs,  Alfbbd  Fbancis 193}  Union  Ave.,  N.,  Portland,  Ore. 

Shaw,  Sumnbb  Fabnham Chf.  Engr.,  Guatemala  B.  B.,  Sanarate, 

Gnatemala. 
SiMB,  Alfbed  Yablbt Wenonda,  Pittsylvania  Co.,  Va. 
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SLnPEB,  GaoBOK  Edwabd 358  Fifty-third  St.,  BrooUjn,  N.  T. 

Sboth,  T.  Ouzlfobd Ifgr.  of  Sales,  Carnegie  Steel  Co.,  Pitts- 
burg, U.  S.  Steel  Products  Export 
Co.,  N.  T.,  Illinois  Steel  Co.,  Chicago, 
803- A  £nicott  8q..  Buff  ilo,  N.  Y. 

Shoot,  Edoab  KEmraTH Conoessionario  de  las  obras  del  Puerto  de 

Manz^tnillo,  2a  Avenida  Balderas,  No. 
814,  City  of  Mexico,  Mexico. 

Stobbt,  William  Benson,  Jr Chf.  Engr.,  A.,  T.  k.  S.  F.  By.  Co.,  To- 

peka,  Kans. 

TirxTLB,  Abthdb  Smith Prin.  Asst.  Engr.,  Board  of  Estimate 

and  Apportionment,  277  Broadway, 
New  York  City. 

Waldo,  Mabx  Albiobnsb Care,  Dominion  Phosphate  Co.,  Bartow, 

Fta. 

Wallaob,  John  FiNDLBY Chf.    Engr.,    Inthmian   Canal  Comm., 

Ancon,  Canal  Zone,  Panama. 

Wbbsteb,  Chablbs  Edwabd Cons.  Engr.,  900  Ellicott  Sq.,  Buffalo, 

NY. 

Wilson,  Wintkb  Linooln Asst.   Prof.,  Civ.  Eng  ,   Lehigh  Univ., 

South  Bithlehem.  Ph. 

WooLLET,  Andbbw  Fbastbb CoiLB.  and  Contr.  Engr.,  Apartado  81, 

Tampico,  Mexico. 

Ybatman,  Pope Care,  A.  W.  Sewall,   1206  Spruce  St, 

Philalelphia,  Pa. 

YouNO,  RoecoB  Ctpbian Chf.  Engr.,  Lake  Superior  k  Isbpeming 

By.  Co.,  Munising  By.  Co.,  Mar- 
quette &,  Southeastern  By.  Co.,  Mar- 
quette, Mich. 

A8800LATE  MEMBEBS. 

Allen,  Henbt  Clayton Special  Deputy  State  Engr.,  Barge  Canal 

Office,  DeOraaf  Bldg.,  Albany,  N.  Y. 

AuBTANSEN,  Fbedebicx Chf.  Draftsman,  Atlantic  Ave.  Imprt., 

L.  L  B.  B.,  5  Hanson  PI.,  Brooklyn, 
N.  Y. 

Babbows,  Habold  Kilbbbth 49  Hammond  St.,  Bangor.  Me. 

Batliss,  John  Yanoet 4633  Washington  Blvd.,  St.  Louis,  Mo. 

Boatbitb,  Jambs  Edwin Chf.  Engr.,  Ouerber  Eng.  Co.,  W.  Beth- 
lehem (Bes.,  835  Broadway,  S.  Bethle- 
hem), Pa. 

Boyd,  Jambs  Chubohill A  s<«t.     Engr.,    Westinghouse,   Church, 

Kerr  &  Co.,  10  Bridge  St ,  New  York 
City. 

Bbaune,  GrsTAYE  Mattbiob Care,  The  State  Engr.,  Albany,  N.  Y. 

BuBNS,  Justin  1913  Amsterdam  A^e.,  New  York  City. 

Cablile,  Thomas  Jenks Asst.  Engr.,  West  Indies  Constr.  Co.,  P» 

O.  Box  794,  San  Juan,  Porto  Bico. 
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Oabpbmtbb,  AUiAiff  Wadswobth Engr.  of  Bridges,  N.  Y.  C.  k  H.  B.  B. 

B.,  504  arand  Central  Station,  New 
York  City  (Bea.,  90  Warring  PI., 
Yonkers.  N.Y.). 

Coxa,  Bubt  Cheater,  111. 

CoBNSB,  Ohablbs Bea.  Engr.,  BhodeHia  Bys.,  Bnlawayo, 

Bhodeeia,  South  Africa. 

OowpsB,  John  Whixvibld James    Stewart    &  Co.,    Contra.,    135 

Broadway,  New  York  City. 

CsAio,  Washinoton  Biohtbb Bea.  Engr.,  Buffalo  k  Susquehanna  By., 

Boston,  Erie  Co.,  N.  Y. 

Fain,  Jam>8  Bhsa Hastings,  Nebr. 

Oaiabbath,  William  Otto Utioa,  Mo. 

Gabbison,  Fbank  Ltnwood 726  Drexel  Bldg.,  Philadelphia,  Pa. 

Obxbn,  Fbxd  Mat  1  West  31th  Si,  New  York  City. 

CrBOTXB,  Nathan  CunroBD Care,  U.  S.  Oeologieal  Survey,  Wash- 
ington, D.  C. 

OuxBiNoiCB,  Louis  Amidbb Locating  Engr.,  St.  L.   B.  ft  M.  By., 

Corpus  Christi,  Tex. 

Hall,  Loins  Wblls Barge  Canal  Oflloe,  DeGraff  Bldg.,  Al- 
bany, N.  Y. 

Hahmait,  William  Cushino Montpelier,  Idaho. 

Habdt,  Habbt 29  Maxilla  Gardens,  Holland  Park,  Lon- 
don, W.,  England. 

Habtwbll,  Habbt 975  Park  Aye.,  New  York  City. 

Hilliabd,  Fobteb  Hathn 244  Atkinson  Ave.,  Memphis,  Tenn. 

Hobton,  Thbodobx Bea.  Engr.,  47  East  Market  St.,  York, 

Pa. 

Houston,  Gatin  Nblson Dept.  of  Eng.,  State  Agri.  Coll.,  Fort 

Collins,  Colo. 

Htdb,  William  Hbbbebt Lourdes,  Nova  Scotia,  Canada. 

Janvbin,  Nkd  Hbbbebt Asst.  Engr. ,  Am.  Bridge  Co. ,  1304  Union 

Trust  Bldg.,  Cincinnati,  Ohio. 

Keats,  Bxoinald  Hobton 592  West  End  Aye. ,  New  York  City. 

LocKwoon,  Willabd  Datus Bes.    Engr.,    Bochester   Water- Works, 

Henrietta,  N.  Y. 

LowiNBON,  OscAB Cous.  Archt.  and  Engr.,  33  West  42d 

St.,  New  York  City. 

McCuLLOoR,  Bichard ...  .Care,  St.  Louis  Transit  Co.,  St.  Louis, 

Mo. 

MgGbb,  Van  Nobman 3359  Goss  St.,  Denyer,  Colo. 

Mason,  Gbobqb  Cotnbb 251  St.  Clair  St.,  Portland,  Ore. 

Mtbbs,  Edwabd  Wabbbn U.  S.  Geological  Suryey,  Malta,  Mont. 

OsBOUBN,  HiNBT  Yan  Buben 1433  Euclid  Aye.,  Philadelphia,  Pa. 

Paine,  Hibbabd  Atwill Bes.  Engr.,   M.  Y.   B.   B.,   Muskogee 

(Creek  Nation),  Ind.  T. 

Pfbipeb,  Hbbman  Julius Gen.  Supt.  of  Constr.,  Street  Dept.,  4234a 

West  BeU  PI.,  St.  Louis,  Mo. 
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Phillipb,  Howabd  Cb^thobnb Gbf.  Engr.,  San  Fnui.  k  N.  W.  By., 

Boom  528,  Grossley  Bldg.,  San  Fran- 
cisco, Gal. 

BioHTs,  Lkwib  Damikl. Gontr.  Engr.  in  Ghg.  of  Eastern  Office 

of  Louis  F.  Shoemaker  &  Go.,  902 
Ghapel  St.,  New  Haven.  Oonn. 

Bobbins,  Allan  Applbton Bes.  Eogr. ,  N.  Y.  A  L.  I.  B.  B.,  1  East 

42d  St.,  New  York  Gity. 

SoHAKFFEB,  Amos 42  Sooth  Maple  Ave.,  East  Orange,  N.  J. 

SoHwiBBS,  Fbbdbbiok  Wiixiam 208  West  104th  St.,  New  York  Gity. 

Shbllsnbebqkb,  Lkidt  BuDT 2905  Fourteenth  St.,  N.  W.,  Washing. 

ton,  D.  G. 

Smith,  Llotd  Bown Eogr.,  Topeka  Bridge  A  Iron  Mfg.  Go., 

Topeka,  Kane. 

Stbnobb,  Ebnbbt Asst.  Engr.,  U.  P.  B.  B.,  809  West  First 

St.,  Grand  Island,  Nebr. 

SncBNBT,  Gbobob  Fbtteb 316  West  84th  St.,  New  York  Gity. 

Stbation,  Gbobob  Dbapbb Asst.  Engr.,  Western  Diy.,  S.  P.  B.  B., 

946  Ghestnnt  St.,  Oakland,  Gal. 

Stbawn,  Thomas  Gobwin P.  O.  Box  874,  Lynchburg,  Va. 

Stbioklbb,  Gbatb  Bbown Supt.  of  Oonstruction.    U.   S.    Public 

Bldgs  ,  in  cbg.  of  erection  of  Gastom 
House  (new),  Baltimore,  Md. 

SuMNBB,  Bobbbt  Swan Ghf.   Engr.,  0.  ft  N.  W.  By.,  Boulder, 

Golo. 

Todd,  Aucxandbb  Milubb U.S.  Asst.  Engr.,  P.  O.  Box  204.  Mem- 
phis, Tenn. 

ToHPKiNs,  Edwabd  Db  Yob Mgr.,  Phila.  Office, Golumbian  Fireproof- 

ing  Go.,  Beal  Estate  Trust  Bidg.,  Phil- 
adelphia, Pa. 

UuiiCH,  Danibl 289  West  136th  St.,  New  York  Gity. 

Van  Pblt,  Sutton Gare,  U.   a  Engr.   Office,   Sawyeryille, 

AU. 

Ybnablb,  William  Mato Planters  Hotel,  Leavenworth,  Kans. 

Watson,  Ibtimb Gen.  Supt.  of  Gonstr.,  Trussed  Goneret» 

Steel    Go.,   306  Union  Trust  Bldg., 
Detroit,  Mich. 

Watson,  Waltbb Salem,  Va. 

Wbntwobth,  Ghablbs  Austin Giv.  Engr.,  U.  S.  N.,  Naval  Station,  Gu- 

antanamo   Bay,    Gaba,    Gare,    Post- 
master, New  York  Gity. 

Whbblbb,  Balph  Nobman Engr.,  T.  A.  Gillespie  Go.,  71  Broadway,. 

New  York  Gity. 

Whipplb,  Gbobob  Ohandleb (Hazen  ft  Whipple.  Gons.  Engrs.).   220 

Broadway,  New  York  City. 

Whitb,  Lazabus Asst  Engr.,  Bapid Transit  B.B.  Comm.,. 

4  Gourt  Sq.  (Bes. ,  460  St.  Johns  PL), 
Brooklyn,  N.  Y. 
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WioGiK,  Thomab  Hollis Diy.  Engr.,  Bureau  of  Filtration,  Cor. 

Bryant  and  St.  Glair  Sts.,  Pittsburg, 
Pa. 

WiiiSSBsoN,  THoiiAs  JxFnBBSON Apartment  No.  109,  Buckingham,  Pitts- 
burg, Pa. 

WiLUAiCB,  Chablbb  Flqm Eugr.,  Reclamation  Service,  Cody,  Wyo. 

WiLUB,  Abthttb  John 2881  Woodbrook  Ave. ,  Baltimore,  Md. 

WooDABO,  WiLKne Care,  Cincinnati  Union  Terminal  By. 

Co.,  Room  732,  Union  Trust  Bldg., 
Cincinnati,  Ohio. 

TouHO,  Eddt  EiiBBBT 86  Islington  Rd.,  Aubumdale,  Mass. 

JUNIOBS. 

Bkbkman,  John  Vjlm  Dbbykbb,  Jr Mgr.,  Boston  Office,  Purdy  A  Hender- 
son, 913  Paddock  Bldg.,  Boston, 
Mass. 

Bblznkb,  Thxodobx Insp.,  Steel  Oonstr.,  East  Side  Via- 
duct, Rapid  Transit  R.  R.  Comm., 
Div.  4,  Sec.  10,  301  West  150th  St., 
New  York  City. 

Bbaslow,  Babnxtt With  ThompsonStarrett  Co.,  51  Wall 

St  (Res.,  73  West  115th  St.),  New 
York  City. 

Bbinsi4«7,  Milo  HAMiiiTON Box  462,  Ballard,  Wash. 

Bbiblet,  EDWA.BD  BvTTS 3  West  104th  St.,  New  York  City. 

Datib,  Gbobos  Jacob,  Jr Hydr.  and  San.  Engr.,   199  Lyon  St., 

Grand  Rapids,  Mich. 

DiAiCAKT,  Abthub  Hesbbbt Asst.  to  Div,  Engr.,  Aqueduct  Div., 

Aqueduct  Commrs.  (Res.,  531  West 
124th  St.),  New  York  City. 

FoBBBS,  Hbnbt  db  Bbbtton Engr.,  H.  E.  Talbott  &  Co.,   College 

Hill,  Ky. 

Habbib,  Hbrbt  AxtSXANDBB Care,  Isthmian  Canal  Comm. ,  Panama 

R.  R.  &  S.  S.  Co.,  24  State  St.,  New 
York  City. 

HouJDAT,  AusxAiTDEB  RzBMAN Engr.,   M.   of  W.,  Penn.   Co,  Union 

Station,  Indianapolis,  Ind. 

How,  RiGHABD  Willis Asst.  Engr.,  Steel  Erection,  Atlantic 

Ave.  Impvt.,  6  Hanson  PL,  Brook- 
lyn, N.  Y. 

Ibxlani),  Mabk  Lobin....! 2d  Lieut.,  11th  U.  S.  Infantry,  Fort 

Sheridan,  HI. 

KoiiB,  Hbkbt  Jacob Cbf.  Draftsman,  Office  of  Engr.    of 

Way  and  Structure,  Brooklyn 
Heights.  R.  R.  Co.,  168  Montague 
St.,  Brooklyn,  N.Y. 

Ijnn>0K7,  KiEFFEB Crystal  Springs,  Ga. 

MoCbobt,  Sol Box  477,  Cleburne,  Tex. 
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Uathbbon,  Johh  Dotolas Insp.  of  N«w  Ck>iistr.,  N.  Y.  C.  A  H.  B. 

B.  Co.,  Terminal  Engr.'s  Office, 
Gnnd  Central  Palace,  43d  St.  and 
Lexington  Ave.,  New  York  City. 

KnfXB,  Jamb  Hbhkt Aast.     Bn^r.,     U.      8.     Beclamation 

Serrioe,  Montrose,  Colo. 

MooBX.  EoBSKT  Jmbup 137  West  90tli  St.,  New  York  City. 

O'Comos,  CoBHKUDB  JoesPH 1799   Washington   Ave.,    Bronx,  New 

York  City. 

PuxwiSD,  WaiiTKB  John 929  Sixtieth  St.  Oakland,  Cal. 

PoTTB,  Cltdb 90i  Whit^iaU  Bldg.,  New  York  City. 

Prigb,  Phiup  Waujb Care,  U.    S.    Geoloidcal    Sarrey,   427 

Peyton  Blk.,  Spokane,  Wash. 

BoBBKiB,  Habkt  Asbtoh CuTe,  0. 8.  L.  B.  B.,PocateUo.  Idaho. 

BoHMEET,  BcRiio 85  Champlain  St..  Detroit,  Mich. 

BuMToar,  William.  Kbbpbb lit  Central  Ave.,  Newark,  N.  J. 

SsMioB,  Fbamk  Seabs .'With  McMnllen  ft  MoDermott,  Havre 

de  Qrace,  Md. 

Shtbocx,  J08XPH  GsuNnT Care,  Belmont  Inm  Works,  Philadel- 
phia, Pb. 

Smith,  Tratib  Looan,  Jr City  Engr.,  Eagle  Lake,  Tex. 

Sntokb,  Chabubb  Hbbmak City  Engr.,  Oswego,  N.  Y. 

Tatt,  Jbsb  Bussxll Asst.  Engr.,  N.  Y.  C.  ftH.  B.  B.  B.,  23 

East  4gth  St.,  New  York  City. 

Wnioox,  C1.ABK  LuzxENB 228  Third  St.,  Aspinwall,  Pa. 

Wtckovf,  Chaxum  Bapbltxa,  Jr  . .  .185  Penn  St.,  Brooklyn,  N.  Y. 

Yen,  Tuoz  Cmiia  Stbong Bes.  Engr.,  Canton-Hankow,  By.,  Can- 
ton, China. 

FKLIX>WS. 

Adams,  Edwabd  Dxam Banker,  71  Broadway,  Offices  1414-15, 

New  York  City. 

RBSIONATIONS. 

Dateof 

Besigiiatlon. 

Pbatt.  BobbbtJambs May  31,  1904 

DEATHS. 

Babb,  Jacob  Nbff Elected  Member,  November  7th,  1888; 

died  May  15th,  1904. 
MoCaula,  Bichabd  Caltdt Elected  Member,  December  5th,  1894: 

died  Jnne  13th,  1904. 
McKbown,  Thomas Elected  Member,   December  3d,   1879; 

died  Jane  7th,  1904. 
TiNGUET,  Gbobob  Cubtis Elected  Member,  September  6th,  1871 

died  April  30th,  1904. 
TuixocK,  AiiONzo  J  Elected  Member,  Jane  6th,  1883;  died 

Joly  2Ut,  1904. 
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(37) 

(ai) 


MONTHLY  LIST  OF  RECENT  ENaiNEEI{lNO  ARTICLES  OP 

INTEREST. 

(May  11th  to  Angnst  3d,  1904.) 
Note. — This  list  is  published  for  the  purpose  of  placing  hrfore  the  members 
f^the  Society  the  titles  of  current  eftgineering  articles,  vfhich  caw  be  rff erred 
io  in  any  available  engineering  library,  or  can  he  procured  by  addressing 
ike  publication  directly,  the  address  and  price  beiiig  given  wherever 
possible, 

LIST  OP  PUBLICATIONS. 
fn  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
Jl  ved  to  each  journal  in  this  list, 

(I)  Journal.  Amoc.  Bnir.  Soc,  257  South 
Fourth  Bi.,PhiUulelDbia,  Pa.,  80c. 

(a)  ProeeedingM^  Engrs.  Club  of  Fhila., 
1182  Oirard  Rt..  PhlUulelphia,  Pa. 

(a)  Journal.   Franklin    Intt.,   Philadel- 
phia. Pa.,  60c. 

(4)  Journal^  Western  Soo.  of  Engrs.,  Mo> 
nadnook  Block,  Chicairo,  111. 

is)  Trafi9€iction*,  Can.  Soc.  C.  E.,  Mon- 
treal. Que.,  Canada. 

<6)  Sekool  of  Mine»  Quarterly,  Columbia 
Univ.,  New  York  City,  60c. 

<7)  TecKnoloqy  Quarterly,  Mass.    Inst. 
Tech.,  Boston,  Mara.,  76c. 

<S)  Stevens  Institute  Indicator,  Stevens 
Inst.,  Hoboken,  N.  J.,  60c. 

(9)  Engineering   MagaJtine,  New  York 
City,  «6c. 
<io)  Cassier's  Magazine,  New  York  City. 

26c. 
<ii)  Engineering  ^London),  W.  H.  Wiley, 

New  York  City,  86c. 
( I  a)  The  Engineer  (London) ,  International 

News  Co.,  New  York  City,  86c. 
<ia)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City.  18c. 
(IB)  HaUroad  Oaxette,  New  York  City, 

10c. 
<i6)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 
<I7)  Street  Railway  Journal,  New  York 

City,  86c. 
<i8)  Railway  and  Engineering   Review, 

Chicago,  ni.,  10c. 
(10)  ScientiAc  American  Supplement,  Vew 

York  City,  10c. 
<ao)  Iron  Aoe,  New  York  City,  10c. 
<ai)  Railway    Engineer,   London,    Eng- 

Und,  85c. 
<sa)  Iron  and  Coal  Trades  Review,  Lon- 
don, Snsland,  96c. 
(aa)  Bulletin,  American  Iron  and  Steel 

ASSOC.,  Philadelphia,  Pa. 
(34)  American  Oas  Light  Journal,  New 

York  City,  10c. 
(as)  American  Engineer,  New  York  City, 

SOc. 
<a6)  Electrical  Review,  London,  England, 
(ay)  Electrical  World  and  Engineer,  New 

York  City,  10c. 
(a8)  Jour Aai,  New  England  Water- Works 

Assoc,  Boston,  $1. 
(a9)  Journal,  Society  of  Arts,  London, 

England,  16c. 
(ao)  Annates    des    Travaux  Publics  de 

Beigique,  Brussels,  Belgium. 
<ji)  Annal^n  deV  Assoc,  des  Ing.  Sortis 

des  Erole  Spiciales  de  Qand,  Brus- 
sels, Belrium. 
(  ja)    Mimoires  et  Compte  Rendu  des  Tra- 

vatut,  Soc.   Ing.   Civ.  de  France, 

Paris,  France. 
iSi)  Le  OHiie CivarPnriB,  Vmnte, 
<a4)  P&riifeuille    Economique   des   Ma- 
chines, Paris,  France. 


(SB)  NouveUes  Annales  de  la  Construe- 

tion,  Paris,  France. 
(36)  La  Revue  Technique,  Paris,  France. 
'  Revue  de  M4canique,  Paris.  France. 
Revue  O^nirale  des  Chemins  de  Fer 
et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

III.,  10c. 

(40)  Railway  Age,  Chicago,  IlL,  10c. 

(41)  Modem Machinery^ChictLgo,UL,t(ic. 
(4a )  Transactions,  Am.  Inst.  Elec.  Engrs., 

New  York  City,  50c. 

(43)  Annales   des   fonts   et    Chaussies, 

Paris.  France. 

(44)  JourncU,    Military  Service   Institu- 

tion, Qovemor^s  Island,  New  York 
Harbor,  60c. 
(48)  Mines  and  Minerals,  Scranton,  Pa., 
SOc. 

(46)  Scientific  American,  New  York  City, 

8c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(54)  Transactions,  Am.  Soc.  C.  E.,  New 

York  City,  $6. 

(55)  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 

(56)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $6. 

(57)  Colliery  Guardian,  London,  England. 

(58)  Proceedings,  Eng.  Soc.   W.  Pa.,  410 

Penn  Ave.,  Pitubnrg,  Fa. ,  60c. 

(59)  Transactions,  Mining  Inst,  of  Soot- 

land,  London  and  Newcastle-upon- 
Tyne. 

(60)  Municipal  Engineering,    Indianap- 

olis, Ind.,  86c. 
(60  Proceedings,  Western  Railway  Club, 

285  Dearborn  St.,  Chicago,  111.,  860. 
(6a)  American   Manufacturer  and  Iron 

World,  69  Ninth  St. ,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  Inland. 

(64)  Power,  New  l^^rk  City.  90c. 

(65)  Official  Proceedings,  New  York  Rail- 

road Club,  Brooklvn,  N.  Y.,  16c. 

(66)  Journal  of  Oas  Lighting,  London, 

England,  16c. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, 111.,  96c. 

(68)  Mining  Journal,  London,  England. 

(69)  MiU  Owners,  New  York  City,  10c. 

(70)  Engineering  Review,  New  York  City, 

10c. 

(71)  JoumcU,  Iron  and  Steel  Inst. ,  London, 

England 
(7a)  Street  Hallway  Review,  Chicago,  SOc. 

(73)  Electrician,  London,  England.  18c. 

(74)  Trajisactions,    Inst,    of    Min.    and 

Metal ,  London,  England. 

(75)  Proceedings,  Inst,  of  Mech.  Engrs., 

London,  England. 

(76)  Brick,  Chicago.  lOc. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England. 
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LIST  OF  ARTICLES. 
Bridge. 

The  SubBtructure  of  Manh  Blver  Bridflre.*    Herbert  J.  Wild,  Jun.  Am.  8oc.  C.  E.    (54) 

Vol.  6B. 
The  Detailed  Design  of  a  Ballroad  Bridge.    Won.  H.  Burr  and  Myron  8.  Falk.    (6) 

Apr. 
Calculation  of  Stress  from  Actual  Deflection,    (ai)  May. 
A  Novel  Piece  of  Bridge  Ck>n8truction  at  Lawrence,  Mass.*    M.  F.  Brown,  Assoc.  M.  Am. 

80c.  C.  E.    (13)  May  W. 
A  Concrete- Steel  HighwavBridvre  at  Plainwell,  Mich.*    P.  A.Courtright.    (13)  May  IS. 
The  Troitsky  Bridge,  St.  Petersburg.    ( 14 )  May  14. 
Melan  Concrete-Steel  Arch  Bridge  across  the  Great  Miami  Biver,  Dayton,  Ohio.*    (13) 

Blay  10. 
A  Pin  Bridge  that  Stood  without  an  End  Post.*   John  C.  Moses,  Assoc.  M.  Am.  Soc.  C. 
^    E.    (i3lMayl9. 

Conway  Suspension  Bridge.*    (la)  May  90. 
A  Ballasted  Railroad  Bridge  with  a  Plank  Floor.*    (14)  May  81. 
Types  and  Details  of  Bridge  Construction;  Plate  Qlrders.*    Frank  W.  Skinner.    (14) 

May  21. 
Ballasted  Floor  Through-Span  Bridge  for  the  Santa  F6.*    (is)  May  27. 
^e  Substructure  of  the  Fraser  River  Bridge.*    (14)  May  88. 
^Dsporter  Bridge  across  the  ManchesterShip  Canal.*    (46)  May  28. 
Prograss  in  Railroad  Bridge  Building.    F.  C.  McMath.    (Address  delivered  before  the 

Detroit  Engineering  Soc. )    ( 1 )  J  une. 
The  Landwaaser  Viaduct  on  the  Albula  Raihxiad.*    ( 1  g)  June  8. 
The  Elizabeth  Bridge,  Buda-Pest.  *    (19)  Serial  beginning  June  4. 
A  French  Breaking  Test  of  Beinforced  Concrete  Bridge  Trusses.*    Leon  S.  Molsseiff^ 

Assoc.  M.  Am.  Soc.  C.  E.    (14)  June  4. 
Articulations  hi  Granite  for  Bridges.*    ( la)  June  10. 
IJe  City  Island  Bridge,  New  Yortc.*    (14)  June  11. 
The Monocaoy BiverBridge.*    (14)  June  11. 

The  Eastern  Oklahoma  Railway  Line  and  Bridges.*    F.  B.  Patten.    (40)  June  17. 
Ball  way  Bridge  over  the  Clyde  at  Uddingston.*^  (11)  June  17. 
A  Short-Span  Bascule  Bridge  in  New  York  City.*    (14)  June  18, 
A  Three-Track  Beam-Floor  Girder  Bridge.*    (14)  June  18. 
The  Mingo  Bridge  Approaches.*    (14)  Serial  beginning  June  86. 
The  Woodsrille  Ballroad  and  ^ixhway  Bridge.*    ( 14  Tjune  26. 
Arched  Ribs,    (ai )  Serial  begianhig  July. 
Architectural  Features  of  the  Manhattan  Bridge.*    ( 15)  July  1. 
The  Connel  Ferry  Cantilever  Bridge,  Scotiand.*    (14)  July  8. 

The  Manhattan  Bridge  Across  the  East  River,  New  York  City:  Revised  plans.*    (i3> 
«...  Jj?»y7:  (14'  July 8;  (46)  July 9;  (ao)  July?. 
The  First  Iron  Railroad  Bridge.*    F.  C.  Coleman,    (is)  July  81 
The  Broadway  Bascule  Bridge  at  Milwaukee,  Wis.*   John  Geist.    (13)  July  14. 
Some  Observations  of  the  Design  of  Rebiforced  Concrete  Bridges.    W.  J.  Douglass. 
_  (13)  July  14. 

The  PaoU  Trestle  on  the  Monon.*    A.  E.  Kemmer.    (15)  July  16. 

The  Reconstruction  of  Rye  Swing  Bridge.*    E.  B.  Waight,  Assoc.  M.  Inst.  C.  E.    (ia> 
_  Serial  beginning  July  16.      "**  *» 

The  St.  Joseph  Drawbridge  of  the  Pere  Marquette.*    (ig)  July  88. 
The  Erection  of  a  Three-Span  Plate-Girder  Bridy^e.*    ( 14 )  July  88. 
Replacing  a  Double-Track  Drawbridge.*   (14)  July  80. 
Concrete- Steel  Bridges  at  Dayton,  O  *    (60)  Aug. 
Le  Pont  da  Luxembourg.*    R.  Bonnin.    (36)  May  86. 
Pont  en  B4ton  Arm6,  &  Soissons  *    Riboud.    (33)  June  18. 
Reconstruction  du  Pout  sur  le  Trent  de  la  Compagnie  du  Midland  Railway  (Angle- 

terre).*    (33)  July  9. 

Bkctrtcal. 

On  the  Calculation  of  Line  Batteries.*    W.  E.  Winship.    (4a)  Apr. 

Wave  Form  Variations  of  a  Long-DIstance  Line.*    George  H.  Rowe.    (4a)  Apr. 

Data  and  Tests  on  a  10  000  Cyde-per  Second  Alternator.*    B.  G.  Lamme.    (4a)  Apr. 

The  Single-Phase  Induction  Motor.*.   WlUiam  6.  Franklin.    (4a)  Apr. 

On  the  Magnetic  Dispersion  in  Induction  Motors,  and  Its  Influence  on  the  Design  of 

These  Machines.    Hans  Behn-E«schenburg.    (77)  Apr. 
The  Edison  Accumulator  for  Automobiles.    W.  Hibbert,  Assoc.  M.  Inst.  E.  E.    (77> 

Apr. 
Predetermination  of  Sparking  in  Direct-Current  Machines.*    W.  L.  Waters.     (4a) 

Apr. 
Experiments  on  Eddy  Currents.*    W.  M.  Thornton,  M.  Inst.  E.  E.    (77)  May. 
"""" «  .    -  _ .  ^    ..       ..     «        '     -^  j^,  ■ 


The  Bated  Speed  of  Electric  Motors  as  Affecting  the  Type  to  be  I&iployed.*   H.  M. 
Hobart,  H.  Inst.  E.  E.    (77)  May 
ree-Phase  Working,  With  Special 
Assoc.  M.  Inst.  E.  j£.    (77)  May. 


Hobart,  H.  Inst.  E.  E.    (77)  May. 
—  «.___  « ._^    — .  Specia' 

)  May. 
The  Central  Electric  Supply 'Co.'s  Power  Station.*    (a6)  Serial  beginning  May  6. 


Three-Phase  Working,  With  Sgecial  Reference  to  the  Dublin  System.*    Wm.  Brew,. 


*  niustrated. 
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Electrical— (ContlniMd) . 

Steam  Alteraator  at  Bedford.*    (i3)  Hay  0. 

Some  Properties  of  Alternators  under  Various  Conditions  of  Load.*    A.  F.  T.  Atchison. 
(Abstract  ot  Paper  read  before  the  Inst.  E.  E. )    (73;  Serial  beginning  May  0. 

I  Engineering  Laboratories  at  the  South- Western  Polytechnic,  London.    (47)  1  _.. 

Power  Station  vetAaai.    C.  H.  Mere  and  Wm.  McLeUan.    (Paper  read  before  the  Inst.  E. 


The  Engineering  Laboratories  at  the  South- Western  Polytechnic,  London.    (47)  May  7. 
~  wer  Station  Desiflai.    C.  H.  Mers  and  Wm.  McLeUt  "  "  '  -    -  - 

E.)    (26)  May  IS;  (47)  Serial  bMinnine  May  14. 
Street  Lighting  by  Nemst  Lamps.    Henry  Joseph.    (a6)  May  18. 
The  Conductometer.    RoUo  Appleyard.    (a6)  Serial  beginning  May  18. 
A  Remote  Control  Switchboard  for  the  London  County  CounclTTramway  Power  House.* 


(73)  May  18. 

Automatic  Protective  Derices  for  Electrical  Circuits.*    (7^)  L 

Electrically-Registering  Wind  Vane  and  Anemometer  for  School  Uee.*    H.  W.  Harmon. 


(10;  May  14. 
The  Hewitt  Mercury  Vapour  Lamp.*    Magnus  MaoLean.    ( Paper  read  before  the  Inst. 

of  Engrs.  and  Snipbuiiders  in  ScotlancT)    (47)  May  14. 
Hudson  River  Powerln  Albany,  Troy  and  Schenectadv.*    (ay)  May  14. 
Boring  Armature  Bearings.*   S.  P.  Balrd.    s^ja)  May  90. 
The  Cable  Steamer  i°lac»;lc.*    (7a)  May)iO. 
Losses  hi  Cable  Sheaths.    M.  B.  Field.    (Abstract  of  Paper  read  before  the  Inst.  E.  B.) 

(a6)  May  20. 
Induction  Ck>il  Design.*    Mortimer  A.  Codd.    (26)  Serial  beginning  May  90. 
Manchester  Traction,  Light  &  Power  Co.*    ( 7a )  May  90. 
Expansion  of  the  Boston  Bdtson  System.*    (37)  May  9i. 
Some  Aspects  of  New  England  Central  Station  Development,    (ay)  May  81. 
Rtoum6  of  Incandescent  Electric  Lamp  Exhausting.*    8.  E.  Doane.    (ay;  May  81. 
Measurement  of  the  Insulation  Resistance  of  an  Electric  Wiring  System.*    Edwin  F. 

Nortbrup.    (ay)  May 91. 
The  Protection  of  Telephone  or  Telegraph  Lines  when  in  Hazardous  Proximity  to 

Hlgh-Tensfon  Lines.*    Robert  £.  Chetwood,  Jr.    (ay)  May  91. 
The  Magnetite  Arc  Lamp.*    Charles  Proteus  Steinmetz.    (a7)  May  91. 
Storage  Battery  Plate  (instruction  with  Special  Reference  to  High  Discharge  Charac- 
teristics.*   W.  W.  Donaldson,    (ay)  May  91. 
The  Nemst  Lamp.*    (ay)  May  91. 

A  Self-Cohering  Receiver.*    Sklward  Van  Whikle.    (ay)  May  91. 
General  Electric  Oil  Switches.*    (37)  May  91. 

Cape  Town  Corporation  Electricity  Works.*    (73)  Serial  beginning  May  97. 
The  Steam  Turbine  as  Applied  to  Electrical  iLngineering.*    Charles  A.  Panons,  G. 

Gerald  Stoney  and  C.  P.Martin.    ^  Paper  read  before  tne  Inst.  £.  E.)    (73)  Serial 

beginning  May  27. 
Electric  Gear  for  Driving  Bending  Rolls.*    ( 1  a)  May  97. 
The  Repulsion  Motor.    F.  W.  Carter.    (26)  Serial  beginning  May  97. 
The  Largest  Electric  Water  Power  Staldcn  in  New  Hampshire.*    (ay)  Serial  beginning 

An  Exprearion  for  the  Torque  of  a  Polyphase  Wattmeter.*    F.  R.  Stowe.    (ay)  May  98. 
Alternating-Current  Wave  Form  ADalyuis.    S.  M.  Kjntner.    (ay)  May  98. 
The  Principles  of  the  Repuleion  Motor.*    George  T.  Hanchett.    (17)  May  98. 
Recording  AUematlng-Current  Wave-Forms  by  Duddell  OscilloflTaphs.*    (10)  May  98. 
The  Development  of  Electric  Power  Transmission.*    Lewis  Buckley  Stillwell.    (10) 

June. 
The  Distribution  of  Electric  Power  from  Transmission  Systems.    Loiiis  Bell.    ( 10)  June. 
Electric  Power  from  Sha^inigan  Falls,  Carada:  Part  I.— The  Hydraulic  Development.* 

Wallace  C.  Johnson;  Part  IL— The  Electric  Transmission  Plant.*    Ralph  D.  Mer- 

shon.    (lo)  June. 
Electric  Power  in  European  Collieries.*    C.  S.  Vesey  Brown,  M.  Inst.  C.  E.    (10)  June. 
Electric  Power  hi  Manufacturing  Plants.*    Dugala  C.  and  William  B.  Jackson.    (10) 

June. 
Electric  Welding  Development.*    Elihu  Thomi»on.    (10)  June. 
Electricity  and  Light.    Charles  Proteus  Steinmetz.    ( 10)  June. 
Transformers  for  Long- Distance  Power  Transmission.*    J.  S.  Peck.    (10)  June. 
Limitations  of  Long- Distance  Electric  Power  Transmission.    Paul  M.  Lincoln.     (10) 

June. 
Metamorphosis  of  Wireless-Telegraph  Apparatus.*    A.  Frederick  Collhis.    (9)  June. 
Method  01  Making  Electrical  Survey  of  Rochester,  N.  T.*    (60  >  June. 
Operatiou  of  Synchronous  Converters.    S.  C.  Lindsay.    (4a)  June. 
Some  British  Central  l^lectric  Power  Stations.*    H.  F.  ParshalU  M.  Inst.  C.  E.    (10) 

June. 
The  Utilization  of  Niagara  Power.*    H.  W.  Buck.    (Paper  read  before  the  Engineers' 

Soc.  of  Western  New  York.)    (t)  June. 
A  New  Portable  Capillary  Electrometer.*    L.  Ramakers.    (24)  June  9. 
Automatic  Protective  Devices  for  Electrical  Circuits.*    (ao)  Serial  beginning  June  8. 
Conduits  and  Conv.ensation.    (a6)  June  8. 
The  Cost  of  Electric  Energy.*    G.  L.  Addenbrooke.    (11)  June  8. 


The  Dick-Kerr  High-Tensfon  Oil  Switch.*    (73)  June  8. 

A  Ferraris  Field  Detector  of  Hertzian  Waves.*    Riccardo  Amd.*    (73)  June  8. 

Kettering  Electricity  Works.*    (a6)  June  8. 

,  *  Illustrated. 
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Electrical— (CoBtloaed). 

Efficiency  CurreB  of  Rotary  Ck>iiTertera.    A.  8.  McAllister.    (97)  June  4. 

The  New  Electric  Works  at  Neuchatel  Swltierland.*   A.  Steere.    (14)  June  4. 

On  a  New  Standard  of  Wave-Length.*    James  E.  Ives,    (ay)  June  4. 

The  Continuous  Protection  of  Conductors.*   A.  Wlreman.    (a6)  June  10. 

Why  Use  Carbon  Brushes  on  the  Modem  Dynamo?*   J.  W.  Burleigh.    (a6)  June  10. 

The  New  Hoiborn  Telephone  Exchange.*    ^73)  June  10;  (36;  July  1. 

Derby  Electricity  Worfcs  and  Tramways.*    (73)  Serial  beginning  June  10. 

Experiments  Wit  h  the  Magnetic  Detector.*    ( 27  >  June  11. 

Hudson  River  Power  in  the  General  Electric  Works.*    (97)  June  11. 

The  Davles-Perrett  Electric  System  of  Oil-Separation.*    (11)  June  17. 

FaTersham  Electricity  Works.*    (73)  June  17. 

The  Berthier  Actino-Electric  Transformer.*    Emlle  Ouarini.    (46)  June  18. 

Exhibits  of  the  WesUnghouse  Companies  at  the  St.  Louis  World's  Fair.*    (18)  June  18. 

Influence  of  the  Line  on  the  Parallel  Oi;>eratlon  of  Synchronous  Motors.*  (ay)  June  18. 

Variation  of  Motor  Speed  With  VariabU»  Line  Voltace.*    J.  L.  Dickson.    (27 )  June  18. 

Storage  Battery  Plate  Construction.    S  H.  Rabenalt.    (ay)  June  18. 

The  Power  Plants  of  che  New  Orleans  Railways  Company.*    ( 17)  June  18. 

Practical  Aliemating  (Current  Testing.*    Chas.  F.  Smith,  Assoc.  M.  Inst.  C.  E.    (47) 

Serial  beginning  June  18. 
The  Missouri  River  Power  Station  of  the  Metropolitan  Street  Railway  Company  of 

Kansas  City,  Mo.*    Howard  Presoott  Quick.    <  ya)  June  xO. 
The  Commercial  Testing  of  Sheet  Steel  for  Electrical  Purposes.*  C.  E.  Skinner.  (Paper 

read  before  the  Amer.  Soc.  for  Testing  Materials.)  (ao)  June  88. 
Electrical  Plant  at  Hey  sham  Harbour.*    (73 )  Serial  beginning  June  84. 
Candle-Power  Tests  of  Cooper  Hewitt  Mercury  Vapor  Lamp.*    L.  A.  Freudenberger. 

(a?)  June  85. 
Canadian  Works  of  the  Westln^ouse  Ccmpanv.*    (ay)  June  86. 
Foucault  Pendulum  System.*    By  Ernest  K.  Aoams.    (ay)  June  86. 
High  Tension  Transmission  for  Electric  Railways.*    W.  J.  Daris,  Jr.    (Paper  read 

before  the  New  England  St.  Ry.  Club.)    (j^y)  June  86. 
Lost  and  Unaccounted-for  Current.*     C.    w.  Humphrey.    (Paper  read  before  the 

National  Elec.  Light  Assoc.)    (34)  Serial  beginning  July  4;  Abstract  (^)  June  85. 
Remodeled  Studebaker  Power  Plant  at  South  Bend,  Indiana.*    ( 14)  June  86. 
Some  Details  of  an  Electric  Railway  Power  Station  at  Canton.  Ohio.    ( 14 )  June  86. 
The  Telefunken  Ondometer  for  the  Measurement  of  Wireless  Telegraphy  Wayee.* 

(10)  June  86. 
The  JEdison  Storage  Battery.*    (11)  July  1. 
The  Induction  Motor  Diagram.*    ^ .  Parker.    (26)  July  1. 


Photometric  Tests  of  ' *  Linoiite.'**     ( 73)  July  1 . 

Deltabeston  Magnet  Wire.*    ( 1 7 )  July  8. 

The  Exhibit  of  the  OcLeral  Electric  (Company  at  the  Louisiana  Purchase  Exposition.* 


(ay»  July  8. 

Iron  Losses  in  Loaded  Transformers.*    E.  S.  Johonnott.    Cay)  July  8. 
Kingsbridge  Po«  er  Station  of  the  New  York  City  Railway  Company.*    (14)  July  8; 

(ly)  July  8;  (ay)  July  9. 
Hie  Large  Switchboard  at  the  St.  Louis  Exposition.*    (ay)  July  8. 
Us^ht  and  Power  Plant  for  the  City  of  (Geneva.*    1^10)  July  8. 
A  Peruvian  High- Voltage  Transmission  Plant.*    A.  L.  Kenyon.    (ay)  July  8. 
Use  of  the  Earth  as  a  Return  Conductor  in  Connection  with  Commercial  lUectrical 

Installations.*    (19)  July  8. 
The  New  Two-Phase  Station  at  Sheffield.*    (y3)  July  6. 
Organisation  of  a  Meter  and  Testing  Department.    A.  J.  Cridge.     (Paper  read  before 

the  Incorporated  Mun.  Elec.  Assoc.)    (73)  July  8. 
The  Commercial  Testing  of  Sheet  Steel  for  Electrical  Purposes.*    (ay)  July  9;  (4y) 

July  9. 
Electrical  Equipment,  C.  and  E.  I.  R.  R.  Shops  at  Danville,  111.*    (18)  July  9. 
New  Hotel  Plant  in  Denver,    (ay)  July  9. 
On  the  Parallel  Working  of  Delta-  and  Star-Connected  Three-Phase  Transformers.* 

A.  E.  KenneUy  and  S.  E.  Whiting,    (ay)  July  9. 
The  Electrical  Equipment  of  Overhead  Travelling  Cranes.*   J.  W.  Warr.    (26)  July  16. 
The  Neepsend  Power  Station  of  the  Sheffield  Electricity  Department.*    (a6)  Serial  he- 
grinning  July  15. 
Polyphase  Sub-Stations.    S.  L.  Pearoe.    (Abstract  of  Paper  read  before  the  Incorporated 


Mun.  Elec  Assoc  )    (a6)  Serial  begixmlng  July  16;    (y3  >  Serial  beginning  July  16. 
>wer  Plant  at  the  St.  Louis  Exhibition.*    (aa)  Serial  beginning  July  16. 
The  St.  Louis  Exhibition:  Electrical  Exhibits.*    <  1 1)  Serial  beginning  July  16. 


The  Westinghouse  Power-Plant  at  the  St.  Louis  Eidhibition.*    (11)  July  15. 
Self  Exciting  and  Compounded  Alternators.*    (y3)  July  15. 


The  Westinghouse  Cnit-S witch  System  of  Multiple-Unit  Train  Control.*    (y3)  July  15. 
The  Big  Engine  of  the  bt.  Louis  ^position  and  the  Illumination  of  the  BuQaings.*    (19) 

July  16. 
The  Inverted  Repulsion  Motor.*    KarlFaber.    (ay)  July  16. 

The  Rochefort  mrstem  of  Wiielees  Telegraphy.*    A.  Frederick  Collins,    (ay)  July  16. 
New  Telephone  Exchange  at  Buda-Pest,  Hungary.*   Joseph  Hollos,    (ay)  July  16. 
The  Localisation  of  ''  Earths  "  on  Feeders  and  Network?.*    Horace  Boot,    (ao)  July  88. 


*  lUustratel. 
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eiectriCid-(Contliined). 

Storage  Batteries.    (a6)  July  38. 

Voltage  Regulation  in  Alternating  Current  Systems.    H.  8.  Meyer.    (Paper  read  before 

the  Liverpool  Eng.  Soc.)    ( 1 1)  Serial  beginning  July  28. 
The  Catawba  River  Power  Development  near  Rock  HUl,  S.  C*    C.  A.  Iffees.    (14)  Serial 

beginning  July  ss8. 
A  Hy^D-ElectHc  Power  Development  on  the  Catawba  River,  Near  Rock  Hill,  8.  C*    (27) 

July  88. 
On  the  Complex  Product  of  Electromotive  Force,  Current  and  Other  Vectors.    Henry 

T.Eddy,    (ay)  July 28. 
Motor-Driven  Tools  at  the  World's  Fair,  St.  Louis.*    (ay)  July  88. 
Insulator  Pins  for  Transmission  Lines.    Alton  D.  Adams.    ( 10)  Aug. 
A  Notable  Mexican  Hydro-Electric  Plant.*    Robert  McF.  Doble.    (9)  Aug. 
Variable-Speed  Motors.    C.  A.  Seley.    (35)  Aug. 

Note  sur  la  Regulation  des  Groupes  Electrogdnes.*    A.  Neyret.    (3a)  May. 
Usine  Hydro-Blectrique  de  Kykkelsrud  { Norvdge).*    (33)  May  21. 
Tdl^raphes  filectriques  pour  la  Transmission  dee  Signaux  h  Bord  des  Navires.*    L. 

Ramakers.    (33)  June  26. 

Marine. 

Ellis  and  Eaves'  System  of  Induced  Draught  Applied  to  Marine  Boilers.*    (11)  May  6. 
Fire  Prevention  on  Board  Ship.    Edwin  O.  Sachs.    (Paper  read  before  the  Inst,  of  Naval 

Archts.)    (II)  MayO:    (47)  June  18. 
Some  Results  of  Model  Ezpmmeuts.*    R.  E.  Froude.    (Paper  read  before  the  Inst,  of 

Naval  Archts.)    (la)  Biay6. 
The  En^^ines  of  H.  M.  Cruisers  Keni\  Lancaster  and  ComtpaU*    (11)  May  18. 


Tntvelling  Shipyard  Crane  at  Vulcan  Works,  Bredow,  Stettin.*    (11)  May  80. 

"^e  Heeling  and  Rolling  of  Ships.*    A  Scri"       '      ' ^" 

At chts. )    (II)  Serial  beginning  May  27. 


The  Heeling  and  Rolling  of  Ships.*    A  Scribanti.    (Paper  cead  before  the  Inst,  of  Naval 

At  chts. )    (II)  Serialbeginnlng  May  27. 
The  Problem  of  the  Screw  Propeller.*    John  Lowe.    ( 19)  May  28. 


Warships  with  Six  Propellers:  Some  Early  Russian  Types.*    (10)  July. 

H.  M.  Torpedo-Boat  Destroyer  Wetland. *    ( 11 )  July  8. 

Progress  of  Warships  and  Machinery  Building  in  England.    ( 1  a )  July  8. 

Water-Tight  Subdivision  of  Warships.    William  Hovgaard.    (Paper  read  before  the  Soc. 

of  Naval  Archt?.  and  Marine  Engrs. )    ( 1  a)  July  8. 
The  Submarine  Torpedo  Tube.*    (46)  July  9. 
Methods  of  Kstimating  the  Coel  Endurance  of  a  Naval  Vessel.*    D.  W.  Taylor.    (13) 

July  14. 
Liunch  of  the  Cunard  Liner  Caronia*    (la)  July  16;  (11)  July  16. 


The  White  Star  Steamship  Balf/c*    (46)  July  16;    (15)  July  16;  (10)  Aug. 

Pumping  Plant  for  a  Floating  Dock.*    <  la)  JulV  22. 

The  New  French  Battieship  Democratie.*    C.  Field.    (46)  July  28. 

JMechaaical. 

The  Newcomen  Engine.*    Henry  Davey,  M.  I.  Mech.  E.    (75)  No.  1, 1908. 
Experiments  on  the  Efflcleocy  of  Centrifugal  Pumps.*    Thomas  E.  Stanton.    (75)  No. 

8, 1908. 
The  Gas  Stove  Considered  from  a  Chemical  and  Sanitary  Standpoint.    Francis  C. 

PhiUips.    (s8)  Feb. 
Analyses  of  Lubricating  Greases.    P.  H.  Conradson.    (Paper  read  before  the  Engrs. 

Soc.  of  Western  Pennsylvania,  Chem.  Section,  and  the  Amer.  Chem.  Soc.)  (58)  Mar. 
Gas  Power.    J.  Kmerson  Dowson,  Assoc.  M.  Inst.  E.  E.    (77)  Apr. 
Modem  High-Speed  Steam  Engines,    (la)  Serial  beginning  Apr.  l.*). 
Wire  Ropes.*    G.  W.  Westgarth.    (Abstract  of  Paper  read  before  the  National  Assoc. 

of  Colliery  Managers.)    (aa)  Apr.  29. 
The  Steam  Turbine.*    William  Chilton.    (77)  May. 

The  Control  of  Furnace  Combustion.*    ^i  1)  May  6.  * 

Some  Early  Machine  Tools.    ( 1  a  1  Serial  oeginning  May  0. 
Clearances  of  Reamer  Cutters.*    (47)  May  7. 

The  EUigineering  Laboratories  at  the  South- Western  Polytechnic,  London.    (47)  May  7. 
Valves  and  Valve  Mechanism  of  Internal-Combustion  Engines.*    Robert  E.  Phillips. 

(47)  May  7. 
Anti- Friction  Alloys.    John  F.  Buchanan.    (47)  May  7. 
The  Locke  Steel  Belt  Machine  for  Automatically  Manufacturing  Steel  Sprocket  Chains.* 

(ao)  May  12. 
The  Burger  Automatic  Gtas  Engine.*    (ao)  May  12. 
g;>ecifications  for  Machine  Tools.    (13)  May  12. 
Balanced  Cable  Cranes  for  Handling  Excavated  Material  at  Devonport,  England,  and 

Zambesi  Falls,  South  Africa.*    (13)  May  12. 
The  De  Laval  Steam  Turbine.*    Charles  Garrison.    (From  Proceedings  of  the  Society 

of  Arts. )    (6a)  Serial  beginning  May  12. 
Steam  Turbine  Discs.    Maurice  F.  FltzClerald.    ( la)  May  18. 
The  Thermal  EfTect  and  the  Practical  Utility  of  Superheated  Steam.    Robert  H.  Smith. 

ra6)  May  18. 
Deechamp^s  Down  Draft  Gas  Producer,    (aa^  May  18. 

*  lUustrated. 
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McGtamical— (Con  tlBued ) . 

WestinghouBe-Parsons  Steam  Turbine.*    (37)  May  14. 

Nevr  Steam  Turbine  Development.    ( 17)  Hay  14. 

Tests  of  Steam  Turbines  at  the  Newport  Station  of  the  Old  Ck>Iony  Street  Railway. 
(14)  May  14. 

Motor  Cars.*  Alexander  Oovan.  (Paper  read  before  the  Inst,  of  Engrs.  and  Ship- 
builders in  Scotland.)    (47)  Serial  bBginnlng May  14;  (6a)  Serial  beginning  June  80. 

The  Qasoline  Engine  as  Applied  to  Automobiles.*  Albert  L.  Clough.  (Lecture  before 
the  Boston  Y.  M.  C.  A.  Automobile  School.)    (47)  May  14. 

A  Few  Notes  on  the  Steam  Turbine.    Q.  L.  Parsons.  (Abstract  of  Paper  read  before  the 


Inst.  E.  E.)    (19)  May  14. 
Continuously-Propelled  Automobile  Trains.*    EmUe  Guarlni.    (19)  May  14. 
IMscussion  of  Published  Data  on  the  Thermal  Efficiency  of  the  Rotary  Kiln,  and  Possible 


Reduction  of  Fuel  Requirement.  Henry  E.  Spackman,  M.  Am.  Soc.  M.  B.  (14)  May  14. 
Electrically-Driven  Rolling  Mills.*    H.  Koettgen.    (Abstract  of  Paper  read  before  the 

Verein  Deutscher  Eisenhiittenleute.)    (ao)  May  10. 
The  Development  of  the  Parsons  Steam  Turbine.    (11)  May  90. 
Electrically-DriTen  Macbines  for  Charging  Qas  Retorts.*    £.  Guarini.    (96)  May  M. 
Soldering  of  Metals  and  tbe  Preparation  of  Solders  and  Soldering  Agents.    (19)  May  31. 
Future  Improvements  in  Internal  Combustion  Motors.    ( 14)  May  91. 
Design  for  a  2-Oycte  Gasoline  Motor.*    J.  C.  Brocksmlth.    (47)  May  91. 
An  Application  of  Baffle  Plates  in  a  Feed- Water  Heater.*    ( 13)  May  96. 
The  Rateau  Sieam  Turbine.*    (ao)  May  96. 

Dynamic  and  Commercial  Economy  in  Turbines.    Robert  H.  Smith.    ( la)  Serial  begin- 
ning May  97. 
Steam  Curves.*    W.  H.  Booths    (a6)  May  97. 

Note  on  the  Relative  Efficiency  of  Heat-Insulating  Media.*    S.  H.  Davies.    (la)  May  97. 
Elevating  and  Conveying  Plant.*    (47)  May  98. 
Influence  of  Casting  Temperature  on  the  Properties  of  Castings.  Percy  Longmuir.  (47) 

May  98. 
Conveying  Belts  in  the  Concrete  Plant  at  the  Washington  Filters.*    (14)  May  98. 
The  Mathematics  of  Muffiers  for  Gasoline  Engines.    (19)  May  98. 
The  Cyciograph.*    Emile  Guarini.    (46)  May  98. 

The  Casting  of  the  Williamsburg  Bridge  Entablatures.*    (46)  May  98.  ^ 

Two-Belt  Conveyor  System.    (17)  May  98;  (a7)  June  11;  (45)  June. 
Water  Gas  Tar  used  in  Generators  for  Enrichment.    Henry  I.  Lea.    (Paper  read  before 

the  Ohio  Gas  Light  Assoc. )    (34)  May  80. 
Pipe  Flanges.    (3erald  E.  Flanagan.    (64)  June. 
Centrifugal  Fans.    J.  H.  Kinealy.    (70)  Serial  beginning  June. 
Motor-Driven  Machine  Tools.*    (ag)  June. 

Tube  Ball  Mills;  Their  Working  and  Mechanical  Effects.*    (67)  June. 
Cost  of  Building  and  Operating  a  Portland  Cement  Plant.    jBoilleau  and  Lyon.    (60) 

June. 
Modem  Exitanding  and  Flanging  Machinery  and  Tools.*     Luther  D.  Lovekin.    (3) 

Serial  beginning  June. 
Systems  and  Methods  of  Mechanical  Refrigeration.    Sterling  H.  Bunnell.    (9)  June. 
Economizer  Calculations.    W.  H.  Bootb.    (64)  June. 
The  Entropy  Diagram  and  Its  Uses.*    H.  Boyd  Brydon.    (64)  June. 
Expansion  Curves.*    (64)  June. 

Indicating  the  Qas  Engine.*    C.  E.  Sargent.    (64)  June. 

Coal  Gas  and  Water  Gas;  Advantages  of  Each  and  Cost  of  Manufacture.    Us )  June. 
Efficiency  of  Rotary  Cement  Kilns.*    W.  Mich&elis,  Jr.    (67)  June;  (14)  June  4. 
Concrete  Mixer  with  Automatic  Measuring  Device.*    (13)  June  9. 
The  Taylor-Newbold  Metal  Cutting  Saw.*    ( 15 )  June  8. 
Hammer  Cranes.*    (aa)  June  8. 
Recent  Progress  in  Wire- Rod  and  Bar  Rolling- Mill  Plants.    ( 11)  June  8. 


The  Zoelly  Steam  Turbine.*    (14)  June 4;  (a7)  June  11;  (ii)  June  8;  (la)  June  8;  (47) 

June  95;  (6a)  June 30;  (17)  July  9. 
Fly- Wheel  Milling  Machine.*    (1  a )  June  8. 


The  Air  Compressor.*    R.  H.  CoUingham.    (la)  Serial  beginning  June  8. 

Pielock  Superheater  System.*    Alfred  Gradenwitz.    (46)  June  4. 

Encased  Spring  Pop  Safety  Valves.*    (17)  June  4. 

Some  Details  of  the  Service  Plant  of  the  Louisiana  Purchase  Exposition.*    (14)  June  I. 

Steam  Pipe  Coverings.    S.  H.  Davies.    (From  Journal  of  the  Soc.  of  Cbem.  Industry.) 

(47)  June  4. 
An  American  lOO-Ton  Breakdown  Crane.*    (la)  June  10. 
Crane  Navvy . ♦    ( 1 1>  June  10. 

A  New  System  for  Three-High  Plate  Mills.*    faa)  June  10. 
A  Factory  Research  Laboratory.*    (la)  Serial  beginning  June  10. 
Petroleum  and  Its  Use  for  Illumination,  Lubricating  and  Fuel  Purposes.*    P.  Dvor- 

kovitz.    (Abstract  of  Paper  read  before  the  Inst.  Bin.  Engrs.)    (aa)  June  19. 
Brake  Tests  of  a  400-kw.  Westinghouse-Parsons  Steam  Turbine.    (17)  June  11. 
Experiments  Showing  the  Efficiency  of  Radiators  for  Gasoline  Automobiles.*    (19) 

June  11. 
Power  Plant  of  the  Whitlock  Branch  of  the  American  Cigar  Company,  Richmond.* 

(14;  June  11. 

*  Illustrated. 
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M«chMilCid-(Coatlniied). 

Blfitributlng  Gm  at  95  Pounds  Presmire  Per  Square  Inch.    George  Helps.    (34)  June  18. 

A  New  Balanced  Automatic  Trip  Valve.*    (ao)  June  16. 

The  Hainsworth  Safety  Catch  for  Blevators.*    (ao)  June  16. 

The  Ridg way  ' '  Two-Belt ''  Ck>n veyor .*    ( 13 .)  June  16. 

Some  Competitive  Tests  of  Rock  l>riliB  for  Air  Consumption.    (13)  June  16. 

Fuel  Economy.    Geor^re  M.  Carpenter,    (is)  June  17. 

Analytical  Valuation  of  Gas  Coals.    G.  P.  Luhman.    (Paper  read  before  the    nst.  Mln. 


Kngrs.)    (57)  June  17:  (94)  June;  Abstract  (aj)  June  10. 

Aeau  Steam  Turbine.*    Walter  Rappaport.    (a6)  June  17. 

Condensation  Fallacies  and  Pacts.    W.  H.  Booth.    (a6)  June  17. 


Some  Types  of  Modem  Foundries.*    (aa)  June  17. 

Superheated  Steam.  F.J.  Rowan.  (Paper  read  before  the  Inst,  of  Engrs.  and  Ship- 
builders. )    ( 10)  June  18. 

The  Arcade  Building  Power  Plant,  Dayton,  O.*    (14)  June  18. 

Purification  and  Combustion  of  Acetylene.*    (From  La  Nature. )    (19)  June  18. 

A  Rotary  Induction  and  Exhaust  Valve  for  Explosion  Engines.*    (19)  June  18. 

The  New  Structural  and  Car  Shops  of  the  Cambria  Steel  Company,  Johnstown,  Pa.* 
(14)  Serial  beginning  June  18 

The  Mechanical  Stoker  and  the  Human  Operator.    Edwin  Tawger.    (aj)  June  90. 

The  Missouri  River  Power  Station  of  the  Metropolitan  Street  Railway  Company  of  Kan- 
sas City,  Mo.*    Howard  Prescott  Quick.    (7a)  June  90. 

Cupola  Fan  Practice.*  (Abstract  of  Paper  read  before  the  Amer.  Foundrymen's  Assoc.) 
(30)  June  98. 

The  Oleason  15-Inch  Shearing  Cut  Bevel  Gear  Planer.*    (ao)  June  98. 

The  Pioneer  Charcoal  Furnace  and  Chemical  Plant,    (ao)  June  98. 

Home-Made  Boiler  Feed  Water  Heater.*    Ernest  Stein.    ( 16)  June  98. 

Machine  for  Loading  Wheelbarrows  on  Cars.*    (13)  June  88. 

The  Hutton  Motor-Car.*    (11)  June  94. 

SOOO-Horse-Power  Reynolds  Corliss  Engine  at  the  St.  Louis  Exhibition.*    (11)  June  94. 

Stay-Bolt  Iron.  H.  V.  Wille.  (Abstract  of  Paper  read  before  the  Amer.  Soc.  for 
Testing  Materials.)    (13)  June  94;  (47)  July  16 

A  New  Vertical  Crow-Compound  Engine.*  (14)  June  95;  (17)  June  18;  (6a)  June  98; 
(7a)  June  90. 

A  Novel  Four- Piece  Mechanism.*    (19)  June  96. 

Reversing  Mechanism  for  Machine  Tools.*    (47)  June  96. 

Flow  of  Gas  in  Bfalns  and  Distribution  at  High  Pressure.*  W.  C.  Unwin,  M.  Inst.  C.  E. 
(Paper  read  before  the  Inst,  of  Qas  Engrs.)    (47)  Serial  beginning  June  96. 

Notes  on  the  Steam  Turbine.    H.  F.  Schmidt.    (17)  June  96. 

Gas  Explosions.    L.  Bairstow.    (a4)  JuneS7. 

Balanced  Cable  Cranes  for  Handling  Excavated  Material.*    (6a)  June  80. 

The  Flather  Gear  Cutter.*    (ao)  June  80. 

The  Phillips  Pressed  Steel  Pulley.*    ( ao)  June  80. 

Mechanical  Draft  for  the  Boiler  Plant  at  the  St.  Louis  Exposition,    (ao)  June  80. 

The  Becky-Brainard  No.  1  14-inch  Cutter  and  Reamer  drinder.*    (ao)  June  80;  (a3) 


July. 
The  Olsholt  Boring  Mill.*    (as)  Julv. 
Test  of  the  EflTect  of  Increasing  Boiler  Pressure  on  the  Life  of  a  Stay-Bolt.    Milton  J. 


Phillips.    (Thesis  Text,  Sibley  Col.)    (33)  July. 

lodustrial  Locomotives  for  Mining,  Factory  and  Allied  Uses.*  J.  F.  Gairns.  (10)  Serial 
beginning  July. 

Works  Design  as  a  Factor  in  Manufacturing  Economy.*    Henry  Hess.    (9)  July. 

The  Choice  of  a  Steam  Plant,  with  Special  Reference  to  American  Electric  Power  In- 
stallation.   George  H.  Barms.    (10)  July. 

Advanced  Practice  in  Economical  Metal  Cutting.*   Charles  Day.    (9)  July. 

The  Grinding  Machine  as  a  Metal-Cutting  Tool.^   C.  H.  Norton.    (9)  July. 

The  Latest  Cement  Block  Machine.*    (60)  July. 

Dimension  Limits  and  Limit  Gauges;  their  Practical  Uses  and  Results.*  Arthur  A. 
Fuller.    (9)  July. 

The  Tool  Room  and  its  Functions  In  Cost-Reduction.*    John  Ashf  ord.    (9)  Serial  be- 


ginning July. 
Packing  Machinery  for  Export.    PaulRoux.    (10)  July. 


Ferry  Works,  Queensferry.*    ( la)  July  1. 

Electric  v$.  Hydraulic  Cranes  for  Riveter  Towers.    Frank  B.  Kleinhans.    (a?)  July  9. 

Standard  Methods  for  Green  Sand  Beds.*    Thos.  D.  West.    (Paper  read  before  the 

Amer.  Foundrymen's  Assoc.)    (47)  Ju]t9. 
A  Machme  for  the  Measurement  of  Screw-Tnreads.*    (19)  July  9. 
The  Oechelhauser  Gas  Engine.*    (17)  Julv9. 
The  Pennsylvania  Engineering  Works.*    (ao)  July?. 
The  Edwards  Ck>nveyor.*    (ao)  July  7. 
Laying  Submerged  Pipe  Lines  at  Buffalo,  N.  Y  .*    (1^)  July  7. 
The  (Compressed  Air  rower  Transmission  Plant  of  the  Cleveland  Stone  Company. 

Lucius  L  Wightman.    (13)  July  7;  (14)  July  9. 
The  Spedflc  Heat  of  Superheated  Steam.*    Robert  H.  Smith,    (la)  July  8. 
Cooling  Tower  and  Condensing  Equipment  in  an  Atlanta  Plant.*    ( 14)  JuIt  0. 
A  Proposed  Universal  Dictionary  of  Mechanical  Drawing.*    George  H.  FoUows.    (13) 

Serial  beginning  July  14. 

*  Illustrated. 
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MeclMiilcal— (Continued) . 

Theiaen*8  Centrifugal  Gas- Washer.*    ( 1 1)  July  15. 

Boiler  Houae  Economies.    Beginald  8.  Downe,  M.  Inst.  E.  B.    (Abstract  of  Paper  read 

before  the  Incorporated  Mun.  JSLec.  Assoc.)    (a6)  July  16;  (47)  July  16. 
An  Appjaratus  for  the  Direct  Determination  of  the  Specific  Gravity  of  Cement.   Daniel 

D.Jackson.    (Paper  read  before  the  8oc.  of  Chem.  Industry.)    (14)  July  16. 
Some  Tests  of  Iron  and  Woodworking  Machinery.    C.  H.  Hines. .  (a?)  July  16. 
Worm  Gearing.*    F.  L.  Berry.    (47)  July  16. 
Test  of  a  Westinghouse-Pftrsons  Steam  Turbine.    (18)  July  16. 
Working  Derrick  of  100  Tons*  Capacity,  Pennsylvania  R.  R.*    (iS)  July  16. 
The  Specific  Heat  of  Superheated  Steam.*    (14)  July  16. 
Pumping  and  Air  Compressing  machinery  at  the  St.  Louis  Exposition.*    (ao)  Serial 

beginning  July  SSI. 
A  Biehle  6U0  COO-Pound  Testing  Bfachlne  for  the  University  of  Dlinois.*    (>o)  July  81. 
Carburetters.*    J.  S.  V.  Bickford.    (la)  July  2:8. 

Racing  Automobiles  In  the  1904  (Gordon  Bennett  Cup  Baoe.*  ( 19  >  Serial  beginning  July  88. 
Peat  as  a  Fuel.    J.  Campbell  Morrison.    (Abstract  of  Paper  read  before  the  Bobert 

Fulton  Assoc,  of  the  National  Assoc,  of  Engrs.)    (19)  July  28. 
Corrosion  of  Boiler  Tubes.    (From  Journal  of  the  Amer.  Soc.  of  Naval  Engrs.)    (47) 

July  88. 
Greasy  Condensation  Water  as  Boiler  Feed.*    William  Paterson.    (Paper  read  b^ore 

the  Junior  Inst,  of  E:ngrs.JI    (47)  Serial  beginning  July  88. 
The  Mechanical  Plant  of  the  Hotel  Astor,  New  York  City:  The  Power  and  Bef  rigeratlng 

Plant  hi  the  Latest  Great  Hotel.*    (14)  July  83. 
Water-Hanuner  in  Steam  Pipes.*    ( 14)  July  88. 
The  Walker  Tool  Room  Grinder  No.  2.*    (ao)  July  88. 
Tod  Rolling  Mill  Engine^.*    ( ao  >  July  88. 

Modem  Coal- Hoisting  Apparatus.*    Frank  C.  Perkins.    (10)  July  80. 
Some  Experiments  on  an  Air-Cooled  Petrol  Motor.    H.  L.  Callendar.    (19)  July  80. 
Specialized  Machine  Tools.*    Joseph  Homer.    (10)  Aug. 
A  Test  of  a  Motor  Driven  Planer.*    J.  C.  Steen.    (23)  Aug. 
On  the  Use  of  Bunsen  Burners  and  Combustion  Apparatus  Without  City  Gas.    H.  D. 

GIbbe.    (From  Journal  of  the  Amer.  Chem.  Soc.)    (a4)  Aug.  1. 
A  New  Electrical  Process  of  ManufacturingPeat  Fuel.    (19)  Aug.  6. 
Le  Carburateur  Claudel,  Pr6c6d6  d'une  Th6orie  G6n6raie  sur  la  Carburation.*    H. 

Claudel.    (3a)  Mar. 
Btude  sur  la  Production  de  la  Vapeur.*    A.  Lencanches.    (3a)  Mar. 
La  Turbine  &  Vapeur  du  Systdme  Uateau  et  Ses  Applications.*    J.  Bey.    (aa)  Apr. 
Chargeuni  M6caniques  pour  Foyers  de  Chaudieres  k  Vapeur.*    L.  Pierre^u6don. 

(34)  May. 
Gralsseur  Mecanique  k  Clef-Distributrioe:  Systdme  Lefebvre.    (X4)  May. 
Production  et  Applications  du  Froid  Artiflcief.*  F.  CottareU  (33)  Serial  beginning  May  81. 
Laboratoire  d'l&sais  du  Conservatoire  des  Arts  et  Metiers.*    A.  Boyer-Guillon.    (33) 
^     Serial  beginning  May  81 . 
Etude  sur  les  Fours  kotatifs  Appliqu6s  k  la  Cuisson  du  Clment.*    J.  Bodro.    (36) 

Serial  beginning  May  86. 
Sur  la  B6ver8lbilit6  des  Turbo-Machines  Hydrauliques,  Platon  Tankowsky.  (ay)  May  81. 
Recherches  sur  les  Dimensions  k  Donner  aux  Canaux  de  Distribution  des  Machines  A 

Vapeur.    F.  Guthermuth.    (Tr.  by  M.  Lecuir.)    (37)  May  81. 
Note  sur  le  Moteur  ''  Diesel.''*    L.  Descans.   (30)  June. 
sl6vateur-Transporteur  Electrique.*    Joseph  Costa.    (33)  June  11. 
Le  Laboratoire  d'Essais  du  Conservatoire  National  des  Arts  et  Metiers.*    E.  Leduc. 

(36)  Serial  beginning  June  86. 
Une  Application  Ingdnieuse  de  la  Commando  Electrique  des  Outlls.*    Daniel  Bellet. 

Serial  beginning  June  86. 
Lea  Voituree  a  Moteur  et  Essieu  Transformateur  de*  Vitesse  Henriod.*   F.  Doubrey. 

June  85 
Les  Bicyclettes;  les  Changements  de  Vitesse:   Le  B6trop6dalage.*     Carlo  Bourlet. 

(33)  Serial  beginning  June  86. 
Machine  Universelle  d'Essais  de  800  Tonnes  du  Laboratoire  d'Essais  du  Conservatoire 

des  Art«  et  Metiers.*    Pierre  Breuil.    (33)  July  8. 
Nouveau  Systdme  de  TransmlKsion  Pneumatlque  pour  Lettres  et  Petits  Colls.*    (33) 

July  16. 

Metallurgical. 

The  Smelting  of  Zinc  Ores  to  Regain  Spelter  and  Sulphuric  Acid.*     A.  J.  Dlescher. 

(g8)  Feb.  -e  i~ 

Notes  on  Pyrometry.*    M.  E.  J.  Gheury.    (Paper  read  before  the  Arc  Works  Eng.  Soc.) 

(ill  Serial  beginning  May  6. 
The  Kepp  MetaUurgicaiFuraace.*    (ao)  May  10. 
Amalgamation  on  the  Rand.    I.  Roekelley.    (From  the  Journal  of   the  Chem   Metal. 

and  Min.  Soc.  of  S.  Africa.)    (16)  May  86. 
CyanidingGold-BearlngSulphurets.    S.  B.  Christy.    (Paper  read  before  theCSallforoia 

Miner's  Assoc.)    (43)  June. 
Ihrrite  Smelting:  A  Beview.    Edward  D.  Peters.    (16)  Serial  beginning  June  8. 
Miesabi  Ores  In  Coke  Blast  Furnace  Practice.    W.  A.  Barrows,  Jr.    (da)  June  9. 

*  Illustrated. 
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Metallurgical— (Coatlnaed ) . 

Furnace  Top  Explosions.    Frank  C.  Roberts.    (63)  June  9. 

The  Keller  Electrical  Steel  Process.    (From  XUen-Zeitung.)    (ao)  June  0;  (6a)  July  14. 

The  Burgers  System  of  Blast  Furnace  Construction.*   (ao)  June  9. 

The  Ball  Enjrine  Company's  New  England  Shop.*    (ao)  June  9. 

The  Use  of  Thermite  m  Producing  Pure  Met%ls  and  Alloys.    (19)  June  11. 

Electrolytic  Iron.  C.  F.  Burgess  and  Carl  Hambuechen.  (Paper  read  before  the  Amer. 
Electro-Chem.  Soc.)    (47)  June  11;  (73)  June  17. 

The  Preparation  of  Brown  Hematite  Iron  Ores.*   F.  Lynwood  Garrison.    (16)  June  16. 

Mesaha  tine  Ore  and  CUnkered  Ore.    A.  D.  Elbers.    (6a)  June  16. 

A  New  Process  of  Oalvanlzhig.    ( la)  June  17. 

A  Furnace  Charging  and  Distributing  Apparatus.*    Frank  C.  Roberts,    (ao)  June  S8. 

Alloy  Steels.  William  Metcalf .  (Paper  read  before  the  Amer.  Soc.  for  Testing  Mate- 
rials.)   (ao)  June 83;  Abstract  (la)  June 84;  (14)  Julv8. 

Magnetic  Concentration  of  Zinc  Ore  in  Virginia.*    C.  Q.  Payne.    (16)  June  88. 

Nitrogen  in  Iron  and  Steel.    Ernest  A.  Sostedt.    (6a)  June  38. 

Smelting  Iron  by  Electricity.    (62)  June  88. 

Notes  on  Processes  for  Producing  Open-Hearth  Steel.*    R.  M.  Daelen.    (aa)  June  84. 

A  Blast  Furnace  of  the  Latest  Type.    (16)  June  80. 

Ore  Dressing  at  Cananea.*    Dwight  E.  Woodbridge.    ( 16)  Jime  80. 

Direct  Casting  from  the  Blast  Furnace.    ( la)  July  1. 

Treatment  of  Complex  Ores.    (6a)  July  7. 

Electri'*  Steel  Furnace  at  Qysinge,  Sweden.*    F.  A.  KJellin.    (6a)  June  8;  (la)  July  8. 

Some  Notefl  on  the  Macmetlc  Separation  of  Ore.*    ( aa )  July  16. 

The  ''  SpookH  *'  of  the  Blast  Furnace.    A.  D.  Elbers.    (6a)  July  81. 

The  Care  of  Cyanide  Solutions.    W.  H.  Davis.    (16)  July  91. 

Investigations  of  the  Blowing  of  Foundry  Cupolas.    ( 13)  July  81 . 

Steel  Making  at  Ensley,  Alabama.*    Day  Allen  Willey.    (19)  July  88. 

The  Manufacture  of  Iron  by  Electro-Metallurgical  Processes.*  Adolphe  Minet.  (9) 
Aug. 

The  Electro-MetcOlurgy  of  Iron  and  Steel.    £mile  Quarini.    (19)  Aug.  6. 

Recherches  sur  les  Aciers  au  Tungstdne.    L6on  Ouillet.    (33)  Serial  oeginning  May  7. 

EleCtrom6tallurgie.    L.  Francois  et  L.  Tlssier.    (36)  Serial  beginning  May  10. 

Fabrication  d' Aciers  au  Nickel  avec  une  Pyrite  Magndtlque  Cupronickelifdre.*  (33) 
July  8. 

La  Fabrication  des  Plaques  de  Blindage  aux  Forges  Nationales  de  la  Chaussade.t  A. 
Bisot.    (33)  July  88. 

Military. 

Creusot  and  the  Ordnance  Made  There.*    L.  Ramakers.    (19)  June  18. 
Japanese  Naval  Ouns.*    (46)  July  8. 

Mecbanically-Propelled  Vehicles  for  Military  Purposes.    (11)  July  8. 
Automatic  Rifles.*    (11)  July  88. 

MInlag. 

Freezing  as  an  Aid  to  Excavation  in  Unstable  Material.*   James  H.  Brace,  Assoc.  M. 

Am.  Soc.  C.  E.    (<I4)  Vol.  58. 
Pressed  Method  of  Sinking  Through  Soft  Surface.  James  R.  Wilson.  (59)  Vol.  ZXVI, 

SuggMted  Amendments  to  the  Proposed  New  Regulations  for  the  Use  of  Electricity  in 

Mines,    (aa)  Apr.  80. 
Washing  Plant  at  the  Great  Western  Colliery.*    (aa)  May  6. 
The  Application  of  Coal-Cutting  Machines  to  Deep  Mining.*    W.  E.  Oarforth,  M.  Inst. 

C.  E.    ( Paper  read  before  the  National  Assoc,  of  Colliery  Managers.)    (aa)  May  6. 
The  Coal  and  Iron  Resources  of  the  Domhiion  of  Canada.*    ( aa)  May  6. 
A  Gravity  Incline  at  the  Antonio  Mine  in  Cuba.*    E.  M.  Holmes.    (13)  May  18. 
Electric  Winding.    Gerald  Hooghwinkel.    (aa)Mayl8. 
British  and  American  Coal- Cutting  Machines.  A.  S.  E.  Ackermann.   (Abstract  of  Paper 

read  before  the  Soc.  of  Engrs.)    ^68)  Serial  beginning  May  7;  (aa)  May  18. 
Grit  Mills  V.  Wheeler  Pans.    O.  B.  Ward.    (68)  May  14. 
The  Hancock  Jig.    F.  Danvers  Power.    (16)  May  19. 
Electrically  Driven  Hauling  and  Winding  Clears.*    (aa)  May  80. 
Recent  Electrical  Developments  (in  mining  machinery).*    O.  H.  Holling worth.    (Paper 

read  before  the  National  Assoc,  of  (3olflery  Managers.)    (a a)  May  80. 
Methods  of  Working  Coal  in  the  Rhenish  WestphaUan  Basin.*    Maurice  Bodart.    (Ab- 
stract from  Reoort  in  "  Annuaire  de  T Association  des  Ing^nieurs  Soriis  de  TEcole  de 

Lifige,"  Vol.  XVn.)    (aa)  May  87. 
Electric  Power  in  European  Collieries.*    C.  S.  Vesey  Brown,  M.  Inst.  C.  E.    (10)  June. 
The  Primero  Mines.*    R.  M.  Hosea.    (45)  June. 

Ropes  of  Vegetable  Ffber  (used  in  mlnmg)  .*    Charles  W.  Comstock.    (45)  June. 
A  Comparison  of  Three-Phase  and  Continuous  Currents  for  Mining  Purpoaes.    Roslyn 

Holiday.    (Abstract  of  Paper  read  before  the  Inst.  Min.  Engrs.)    (aa)  June  8. 
Electrically-Operated  Versus  Steam- Driven  Mine  Hoists.*    (46)  June  4. 
A  Ck>ld-Mlning  Dredge  of  Recent  Design  *    Samuel  S.  Wyer.    ( 16)  June  9. 
Safety  Lamps  and  Explosives:  Experiments  in  Belgium.    V.  Watteyne.    (Paper  read 

before  the  Inst.  Min.  Engrs.)    (57)  June  10;  Abstract    (aa)  June  10. 

*  Illustrated. 
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MinlBK-CContliiuMl). 

Prevention  of  Accidents  In  Winding.*  J.  H.  Merivale.  ( Paper  read  before  the  Inst  Min  • 
En^rs.)    CS7)  June  17;  Abstract  (aa)  June  17;    (a6)  June  17. 

Electric  and  Compreeaed  Air  Locomotiyes  for  Mines.  Beveriey  S.  Bandolpb.  (Paper 
read  before  the  Inst.  Min.  Engrs.)    (57)  June  17;  Abstract  (aa)  June  8. 

Electric  Bock  Drills.*    Ueraid  Hooghwlnkel.  <aa)  June  17. 

Electricity  hi  ColUery  Work.*  F.  J.  A.  Matthews,  Assoc.  M.  Inst.  E.  E.  (47)  Serial  be- 
ginning June  18. 

Underground  Temperatures,  Especially  in  Coal  Mines.  Hans  Hoefer.  (Abstract  of 
Paper  read  before  the  Inst.  Min.  Engrs.)    (68 >  Serial  beginning  June  18. 

Electrlcally-iyriven  Mining  Fan.*    ( la)  June  24. 

The  Oolllery  Exhibition  at  the  Boyal  Agricultural  Hall.  London.*  (aa)  Serial  begtaming 
June  94;  {57)  July  1;    (a6)  Serial  beginning  July  1;  (73)  July  8. 

Coal  CutUntr  by  Machinery.*    G.  L.  Kerr,    (aa)  June  84. 

Electrical  Mining  Machinery.*    (la)  June 24. 

The  Slemens-Dgner  System  for  Electric  Mine  Hoists.*    (16)  June  80. 

Industrial  Locomotives  for  Mhiing,  Factory  and  Allied  Uses.*  J.  F.  Gaims.  (10)  Serial 
beginning  July. 

Hoisting- Engine  Brakes.*   J.  S.  Lane.    (45  >  July. 

Hoisting  Engine  Foundations.*    B.  V.  N orris.    (45)  July. 

Hoisting  Engine  Specifications.    F.  W.  Gerecke.    (45)  July. 


Compounding  in  Hoisting  Engines.    ( 4R )  July. 

Deep  Hoisting  in  South  Africa.*   J.  S.  Lane.    (45)  July. 

Types  of  Hoisting  Engines.*    S.  T.  Nicholson.    (45)  July. 

Care  and  Handling  of  Hoisting  Engines.    J.  H.  Pennington.    (45)  July. 

Cylindrical  va.  Conical  Drums.*    F.  Moeller.    (45)  July. 

Electric  Hoists.*    (45)  July. 

Tail-  or  Balanoe-Bope  Hoists  in  Shafts  hi  the  Anthracite  Beglons  of  Pennsylvania.* 

Arthur  H.  Storrs.    (45)  July. 
Deep  Hoisting  in  the  Lake  Supwior  District.*    O.  P.  Hood.    (45)  July. 
Compressed  Air  in  Hoisting.*   J.  S.  Lane.    (45)  July. 
Drums  vs.  Beels  for  Hoisting.*   F.  F.  Coleman.    (45)  July. 
Hoisting-Engine  Calculations.    (4$)  July. 

Gas  or  Liquid-Fuel  Hoisting  Engines.*    E.  W.  Boberts.    (45)  July. 
Balanced  and  Unbahmced  Hoists.*    E.  T.  Sederholm.    (45)  July. 
The  Nottingham  Breaker  (Plymouth.  Pa>.*    (16)  July  7. 
Bhwthig  Tight  Placers  Before  Dredging.*    Oliver  B.  Finn.    (16)  July  7.  * 
Testing  Explosives  in  1006.    (57)  JulyS. 
The  Gk>ld  Dredging  Industry  oi:  California.*    Frank  W.  Griffin.    (Paper  read  before  the 

California  Miners'  Assoc. )    (68 )  July  9. 
Steel  to  Replace  Timbering.*    B.  V.  Norris.    (16)  July  14. 
Kerosene  Shale  in  Australia.*   John  Plummer.    ( 16)  July  14. 
Head-Frames  and  Tipples.*    W.  B.  Crane.    ri6)  July  14. 
New  Water  Spraying  Apparatus  for  Dusty  Blines.*    (aa)  July  15. 
Annual  Beport  of  His  Btajesty's  Inspectors  of  Explosives,  1006.    (57)  July  16. 
Coal  Winding  Machinery.*    Horace  D.  B.  How.    (aa)  July  8;  (47)  July  28. 
Marble  (Quarrying  in  America:  A  New  Field  for  Electric  Power  Service.*    Day  Allen 

Willej.    (lo)  Aug. 
Mineral  Shipments  at  British  Ports.*    Brysson  Cunnlngliam,  Assoc.  M.  Inst.  C.  E.    (10) 

Aiur. 
Effets  du  Froid  et  de  la  Gtel6e  sur  lee  Exploslf s  Industriele  en  Usage  dans  les  Exploita- 
tions Mhiidres.*    H.  Schuierber.    (3/)  May  7. 
Installation  de  Deux  Sidges  d*Extraction  aux  Mines  de  Fer  d'Ely,  Minnesota  (titats- 

Unhi).*    (33)  May  14. 
De  la  Transmission  et  de  rutilisation  de  la  Force  dans  les  Mines.*    Hector  Denis.    (34) 

Serial  beginning  June. 
Appareils  de  36curlt6  en  Usage  dans  les  Exploitations  Minidres  d*Autriche-Hongrie.* 

H.  Schmerber .    (33)  Serial  beginning  June  1 1 . 
La  Lutte  contre  les  Incendles  et  ia  Protection  des  Pompiers  contre  le  Feu  et  T  Asphyxie.* 

(36)  July  10. 

MIsGellaocous.  ^^ 

Transatlantic  Engineering  Schools  and  Engineering.     B.  Mullineux  Walmsley.    (77) 

May. 
Methoas  for  Determining  the  Equations  of  Experimental  Curves.*    A.  S.  Langsdorf . 

( Paper  read  before  the  Engineers'  Club  of  St.  Louis. )    ( 1 )  June. 
Methods  and  Cost  of  Sodding.    Arthur  Hay.    (13)  June  2. 
Organizing  a  CItU  Engineering  Corps.    F.  H.  Newell,  M.  Am.  Soc.  C.  E.    (13)  July  21. 

MaaiciiNil. 

Brick  Pavements  In  St.  Louis.*    (76)  May. 
Street  Lighting  by  Nemst  Lamps.    Henry  Joseph.    (a6)  May  18. 
Neglected  Details  in  Brick  Pavement  Construction.    Ira  O.Baker.    (76)  June. 
Fire  Protection  for  Factories:  How  Its  Value  Shall  Be  Determined  and  Who  Shall  Fay 
for  It.    J.  H.  Purdy.    (aS)  June. 

*  Illustrated. 
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Municipal— (ContiBUMl). 

Report  of  Committee  on  Private  Fire  Protection.*    (a8)  June. 

FroKrew  of  Plans  and  Work  for  Rebuilding  Baltimore.*    Daniel  J.  Hauer.    (13)  June  S. 

Lowering  the  Chicago  Tunnels.    O.  H.  Ernst.    (14)  June  26. 

EfTect  or  Heat  upon  Asphaitum  in  Paving  Mixtures.    F.  O.  Blake.    (60)  July. 

The  Detroit  Municipal  Asphalt  Paving  Plant.*    (60)  July. 

The  Proposed  Charles  River  Basin.*    (14)  July  9. 

Sand-Clay  Roads.    (14)  July  16. 

Problems  of  Street  Paving.    (60)  Aug. 

Paving  Materials.*   John  W.  Alvord.    (60)  Aug. 

City  Gas  Inspection  and  Inspectors.    Ira  C.  Copley.  (Paper  read  before  the  Congress  of 

Qas  Associations  of  America. )    (34)  Serial  beginning  Aug.  1. 
Le  Ooudronnage  des  Routes.*    O.  Espitallier.    (33)  May  14. 

Railroad. 

The  Location  of  the  Knoxville,  La  Follette  and  Jellioo  Railroad,  of  the  Louisville  and 

Nashville  System.*    W.  D.  Taylor,  M.  Am.  Soc.  C.  E.    (54)  Vol.  68. 
Method  Used  by  the  Railroad  Commission,  of  Texas,  under  the  Stock  and  Bond  Law,  In 

Valuing  Railroad  Properties.     R.  A.  Thompson,  Assoc.  M.  Am.  Soc.  C.  £.    (54) 

Vol.  fiB. 
Automatic  Couplers.*    Frederick  C.  Hibberd,  M.  I.  Mech.  E.    (75)  No.  6, 1908. 
Electric  Traction  with  AltemaUng  Currents.*    A.  C.  Eborall,  M.  Inst.  E.  E.  (77)  Apr. 
Discussion  on  Boiler  Design  (Locomotives).    (65)  Apr.  15. 
The  Value  of  Heating  Surface.*    H.  H.  Vaughan.    (61)  Apr.  10. 
AIl-Electnc  Signalling, ''  Crewe ''  System  at  Severus  Junction,  North  Eastern  Railway.* 

(31)  May. 
8-CoupIed  or  * ' Consolidation ''  Engine;  Japanese  Imperial  Oovemment  Railways.*    (si) 

Express  Passenger  Engines  and  Their  Work:  Illinois  Central  Railroad.*    (ai)  May. 

Iron  Covered  (loods  Wagon:  Great  Western  Railway.*    (si )  May. 

The  Railw  ay  Electriflcauon  Problem  and  Its  Probable  Cost  for  England  and  Wales.    F. 

F.  Bennett,  M.  Inst.  £.  E.    (77>  May. 
8rd-Class  Corridor  Brake  E.  C.  J.  S.*    i si)  May. 

The  ''  Vicarino ''  System  of  Electrically  Lighting  Railway  Carriages.*    (ai )  May. 
New  Express  Engines— Great  Central  Railway.*    Charles  Rous- Marten,    (la)  May  6. 
Rail  Autocar  for  the  Paris,  Lyons  and  Mediterranean  Railway.*    (11)  May  6. 
Tank  Locomotive  for  Heavy  Suburban  TrafHc;  Lancashire  and  Yorkshire  Railway.* 

(11)  May  6;  1 40;  June  8. 
Electric  Autocars  on  the  North-Eastem  RaUway.*    (47)  Biay  7;  (40}  June  10. 
Railway  Location  in  Victoria,  Australia.    D.  M.  Fraser.    (13)  May  lie. 
Recent  Three-Cylinder  Compound  Locomotives  in  Europe.    (1^)  May  18. 
Cole's  Four  Cylinder  Balanced  Compound  Locomotive  for  the  Mew  York  Central.*  (13) 

May  18;  (as)  June:  (39)  June:  (40)  June  10;  (13)  June  88. 
Electric  Car  and  Train  Brakes.    S.  J.  Kidder.     (Abstract  of  Paper  read  before  the  Air- 

Brake  AS.4UC.)    (15)  May  18. 
Vanderbllt  50-Ton  Steel  Flat  Car.*    (15)  May  18;  (18)  May  14. 
Firing  Locomotives.    F.  R.  Wadlelgh.    (151  May  18. 
Six  Coupled  Tank  Engine:  Great  western  Railway.*    ( 1  a )  May  18. 
New  Locomotives  on  the  Great  Western  and  Central  South  African  Railways.*    (aa) 

May  IH. 
Some  Modem  Appliances  Connected  niith  Railway  Crossings  and  Points.*    Owen  R. 

Williams.    (Abstract  of  Paper  read  before  the  Inst,  of  Engrs.  and  Shipbuilders 

in  Scotland. )    (aa)  May  18. 
Higher  Train  Pipe  Pressure  for  Passenger  Service.    J.  P.  Kelly.    (Abstract  of  Paper 

read  before  the  Air- Brake  Assoc.)    (15)  May  14. 
Brake-Beams  and  Foundation  Bralie  Gear.    T.  A.  Hedendahl.    (Abstract  of  Paper  read 

before  the  Air-Brake  Assoc. )    (15)  May  18;  ( 40)  May  18. 
Railroad  Fusees.    J.  C.  Ramasre  and  i.ewi8  Cheeseman.    ( 15)  May  1^. 
Locomotive  Testing  Plant  of  the  Pennsylvania  Railroad  at  St.  Louis.*    (40)  May  18; 

(18)  May  14;  (13)  May  10;  (41)  June. 
Handling  Trams  with  Back-Up  Hose.*     (Report  of  Committee  of  Air-Brake  Assoc.) 

(40)  May  18. 
A  Novel  Block  or  Telephone  SiRnal  System.    (19)  May  14. 

The  Alternating  Track  Circuit  System  of  Signaling.     J.  B.  Struble.    (Paper  read  be- 
fore the  Raflway  Signal  Assoc.)    (40)  May90;  ( iN)  May  81;  (13)  May  86;  (13)  May 80. 
New  Passenger  Equipment  for  the  London  and  Norih western  Railway.*    (40}  May  80. 
Tftnk  Locomotive,  Central  South  Af ncan  Railways,    (la )  May  80. 
Narrow-Gage  Road  from  Lausanne  to  Mondon.*    E.  Guarini.    (7a)  May  80. 
Trinidad  Electric  Railroad  Co.*    (7a)  Mav  20. 

The  Growth  of  an  Electric  Railway.*    L.  E.  Gould.    (73)  Serial  beginning  May  20. 
Passenger  Stations  of  the  Illinol<i  Central.*    (15)  May  80. 
Compressed  Air  and  Pneumatic  Tools  in  Railroad  Service.    Thos.  Aldern.    (Abstract  of 

Paper  presented  Co  the  Central  Ry.  Club. )    ( 15 )  May  80. 
A  Rational  Basis  for  Calculating  the  Braking  Power  of  Faseenger  Cars.    (13)  May  80. 
Combined  Gasoline  Motor  and  Electric  Generator  for  Railroad  Traction.*    (19)  May  81. 

*  Illustrated. 
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Railroad-  (Cootlnned) . 

Train  Despatching  on  the  Rochester  &  Ea$iteni  Rapid  Railway.*    (17)  May  21. 

Practical  Hints  on  luterarban  Railway  Operation.    (17)  May  21. 

Details  of  Floor  or  Bottom  Framing  of  Modem  Intenirban  Cars.*    Edward  C.  Boynton. 

(17)  May  21. 

Train  Testing.    Sydney  W.  Ashe.    (17)  May  21. 

Railroading  Across  Oreat  Salt  Lake.*    Herbert  I.  Bennett.    ( 19)  May  21. 

A  Turatabto  of  New  Desini.*    (18)  May  21. 

Chicago  &,  Alton  Heavy  Passenger  Engine.    ( 18)  May  21. 

Pennsylvania  R.  R.  Tunnel  under  North  River.*    H.  T.    Hildage,   A.   M.  Inst  C.   E. 

(18)  May  21. 

Four-Cylinder  Balanced  Compound  Locomotives;  Paris  &  Orleans  Ry.  (Prance).*    (13) 

May  26;  cia)Jime8. 
Bogie  Coaches,  South- Eastern  and  Chatham  Railway.*    ( la)  May  27. 
Four-Cylinder  Locomotives  at  the  St.  Louis  Exhibition.*    (la)  May  27. 
The  Glesecke  Automatic  Unloader  for  Railway  Wagons.*    (57)  May  27. 
Eight-Coupled  Locomotive  for  the  Queensland  Government  Railways.*    (11)  May  27. 
Locomotives  at  the  St.  Louis  Exhibition.    H.  W.  Hanbury.    (11)  Serial  beginning 

May  27. 
The  Canton  &  Akron  Railway. *    (17)  May  28. 

The  New  Sub-Station  on  the  Denver  &  Northwestern  Railway.*    (17)  May  28. 
Mallet  Articulated  Compound  Locomotive,  B.  &  O.  R.  R.*    (18)  May  28;  (40)  May  27; 

(15)  May  27;  (39)  June;  (40)  June  17;  (13;  June  80.  (35)  June-Aug. 
Coal  Shipping  Plant  at  Hoboken,  D.  L.  &  W.  R.  R.*    (18)  May  28. 
Danville  Shops  of  the  Chicago  and  Gastem  Illinois  Railway.*    (39)  June. 
Electric  Power  Plant  of  the  Liverpool  and  Southport  Railway.*    Frank  C.  Perkins. 

(64)  June. 
Four-Cylinder  De  Glehn  Compound  Locomotive.*    (a^)  June;  (47)  July  9. 
The  Locomotive  Shops  of  a  Large  Railway  System.*    (4 1 )  June. 
Locomotive  Work  on  the  Illinois  Central  R.  R.*    (ai)  June. 
2ndClas8  Carriages:  Belgian  State  Railways.*    (ai)  June. 
Specifications  for  Car  Wheels.    C.  B.  Dudley,    (as  >  June. 

Ten- Wheeled  Radial  Tank  Kngine:  Lancashire  and  Yorkshire  Railway.*    (ai)  June. 
Track  Arranirements  in  Locomotive  Shops.    C.  A.  Seley.    (35;  June. 
Vanderbllt  100  COO  lb.  Capacity  Steel  Flat  Car.*    (30)  June. 
Locomotive  Testing  Plant  at  the' St.  Louis  Exposition.*    (39)  June;  (47)  June  4. 
Vauclain  4-Cy Under  Balanced  Compound:  4-4>2  Type  Passenger  Service:  Chicago,  Bur- 
lington &  Quincy  Railway.*    (a5)  June. 
Excavation  and  Retaining  Wall  for  the  PennsyWania  R.  R.  Terminal  Station,  New  York 

City.    (13)  June  2. 
Electric  Locomotive  for  New  York  Central.*    (13)  June  2;  (15)  June  8;  (40)  June  8; 

(14)  June  4;  (18;  June  4;  (17)  June  4;  (47)  June  18;  (7a)  June  20;  (ao)  June  24; 

(as)  June. 
The  BLud-<on  River  Tunnel.*    8.  D.  V.  Burr,    (ao)  Serial  beginning  June  2. 
Notes  from  the  Topeka  Shops  of  the  Santa  Fe.*    ( 15)  June  S. 
Brake  Control  of  Heavy-Capacity  Cars  on  Grade.    (15)  June  8. 
^ew  C^ars  for  the  Rhodesia  Railways  of  South  Africa.*    <  15 )  June  8. 
Baldwin  Four-Cylinder  Balanced  Compound  for  the  Burlington.*    (13)  June   . 
Shop  Kinks  on  the  Western  Ohio.*    (17)  June  4. 

Strength  of  White  Iron  Castings.    A.  E.  Outerbridge,  Jr.    (Paper  read  before  the  In- 
ternational ASSOC,  for  Testing  Materials.)    (47)  June  4. 
The  Vemllation  of  the  Albespeyre  Tunnel,  France.*    Alfred  Gradenwitz.    (14)  June  4. 
All-Air  Interlocking  at  Stsines.  England.*    (15)  June  10. 
The  Bettendorf  Truck.*    (15)  June  10;  (39)  July. 
Location  of  the  CUnch  Valley  DiTision,  N.  &  W.*     Emile  Low,  M.  Am.  Soc.  C.  E.     (13) 

June  to. 
LocomDtive  for  the  Great  Central  Railway,    (la)  June  10. 
PeUx>l- Electric  Motor  Coaches  on  the  North-Easterc  Railway.*    (a6)  June  10. 
Railroad  Motor  Coaches  Near  London.*    W.  B.  PaJey.    (15)  June  10. 
Some  B^eatures  of  the  Great  Western  Record  Run.    Charles  Rous  Marten,    (la)  June 

10. 
An  Improved  Terminal  for  Handling  the  Heavy  Coney  Island  Crowds— Brooklyn  Rapid 

Transit  Company.*    (17)  June  11. 
Composite  Box  Oar.  80  000  lbs.  Capacity  .*    ( 18 )  June  1 1 . 
Compound  Goods  Locomotive,  Saxony  State  Railways.*    (19)  June  11. 
Electric  Railway  Block  Signaling  by  Use  of  Alternating-Current  Track  Circuits.    J.  B. 

Struble.    (17)  June  It. 
Machine  for  Driving  Screw  Spikes  in  Railroad  Ties.*    (14)  June  11 . 
Baldwin  Electric  Trucks.*    (13)  June  17. 
The  Bettendorf  Tank  Car.*    ( 15 )  June  17.' 
Boehm  System  of  Electric  Lishting  for  Trains.*    (a6)  June  17. 
Cast  Steel  Passenger  Truck  for  the  Big  Four.*    ( 15)  June  17. 
Clearance  Limits  on  American  Railroads.*    ( 15 )  June  17. 
Coke  Car  for  the  Cambria  Steel  Company.*    (is)  June  17. 
The  Design  of  a  Steel  Underframe  01  Standard  Shapes  for  Freight  Cars.*    Fritz  B. 

Ernst.    (40)  June  17. 

*  Illustrated. 
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RailnMd— (CootlniMd). 

The  Eastern  OklaliomA  Railway  Line  and  Bridges.*    F.  R.  Patten.    (40)  June  17. 

J  eisey  Central  Tool  Car.*    (19)  June  17. 

London  &  Northwestern  Eleht- Wheel  Faaseneer  Engine.*    (40)  June  17;  (15)  June  M. 

Sleeping  Cars,  East  Coast  Joint  Stock.*    <  40}  June  17. 

Notes  from  the  Southern  RaUway  Shops  at  Marehester,  Va.*    (is)  June  17. 

Railroad  Shop  Tooln.*    (ts)  Serial  heginning  June  17. 

A  Single  Plate  Cast-Iron  Wheel.*    (14}  June  17. 

Steel  Car  Design.*    A.  Stuokl.    (15)  Serial  heginning  June  17. 

Automatic  Control  of  Locomotlyes.*    (46)  June  18.  _      ^^ 

Intenirhan  Electric  Raflway  Practice  in  Indiana.*  Rohert  P.  Woods,  M.  Am.  Soc.  C.  E. 

(17)  June  18. 
A  New  Method  for  Testing  Steel  Rails.    (19)  June  18. 
A  New  Dynamometer  Car.*    ( 18)  June  18. 
The  Bailey  Surfacing  and  Lining  Blocks.*    (18)  June  18. 
New  Tank  Car  *    (18)  June  18. 

Wooden  Dowels  for  Track  Fastenings.*    ( 18)  June  18. 
ReadvUle  Car  Shops,  N.  Y.,  N.  H.  &  H.  R.  R.*    ( 18)  June  18. 
Car  Lighting.*    (18)  June  18. 

The  Prouty-Pieroe  Gasoline  Motor  Cars.*    (17)  June  18. 
Electric  Traction  by  Monophase  Current*    £.  Bignaml.    (79)  June  90. 
The  Three-Vliase  Tramway  from  Schwvz  to  Seewen.*    E.  Guarini.    (7a)  June  90. 
Machines  for  Spiking  and  Tamping  RaUway  Tracks.*    (13)  June  S8. 


i)  June  94. 


Eacperience  in  the  ludntenance  and  Repair  of  Steel  Freight  Cars.    (13)  June  98. 

Four-Cylinder  Balanced  Compound  for  the  Prussian  State  Railways.*    (ifl)  < 

Gennan  Higb-Speed  Steam  LocomotiTe  Tests.  F.  H.  Mason.  (13)  June  M;  (17)  June 
11;  (18)  July  9. 

Heating  Surface  and  Boiler  Power.*    L.  B.  Jones,    (is)  June  94. 

Improvements  in  Roundhouse  Design.*    ( 13)  June  94. 

New  Consolidation  Locomotive  for  the  Oregon  Short  Line.*    (40)  June  94. 

Notes  from  the  Union  Pacific  Shops  at  Omaha.*    ( 13 )  June  94. 

Rebuilding  Locomottves— Philadelphia  and  Reading.*   S.  F.  Prince,  Jr.    (13)  June  94. 

Reinforoea  Ck>norete  Roundhouse  for  the  C,  M.  ana  St.  P.*    (13)  June  94. 

A  Self-propelled  Yard  (}rane.*  ■  (13)  June  94. 

Vapor  System  of  Car  Heating.*    ( 13)  June  94. 

Shapes  of  Ties.*  Herman  von  Sohrenk.  (From  Bulletin  No.  60,  U.  S.  Dept.  of  Agricul- 
ture )    (13)  June  94;  (17)  June  11. 

Shop  Notes  from  Ellxabethport.*    ( 1 3 )  J  une  94. 

Stake  Pockets.*  (Report  of  Committee  to  the  Master  Car  Builders*  Assoc.)  (13)  June 
94:  (18)  July  4. 

A  steel  Pier  Shed  for  the  Central  Railroad  of  New  Jersey.*    (40)  June  94. 

The  Use  of  Modem  Teliq;>hooes  as  Applied  to  Railroads.  B.  A..£iser.  (Baper  4«ad  be- 
fore the  AssoNs.  of  Railway  Telegncph  Sup^. )    (40)  June  94. 

To  Prevent  Rust  on  Steel  Vmn.  (Report  of  Com.  to  the  Master  Car  Builders'  Assoc.) 
(iB>JQne94;    (39)  July;    (18)  July  1»;    (69)  July  :jl ;  Abe  ract    (>a)  July  18. 

The  value  of  Heating  Surface  (Locomotives).*    LawfordH  F.7.    (i3VjuneM. 

Yard,  Shop  and  Terminal  Improvements  of  the  Canadian  Paotflc  at  Winnipeg.*  (i3> 
June  94. 

Coupling  Cliatns.  (Report  of  Com.  to  the  Master  C!ar  Builders*  Assoc.)  (18)  June  96;. 
(13  >  June  94. 

Control  System,  Motors  and  Shoes  of  the  Baltimore  and  Ohio  Locomotives.*    (17)/ 

Improvemoits  at  the  Oelwein  Shops,  Chicago  Great  Western  By.*    (18)  June  S8. 
The  Melaun  RaO-Joint.*    Arthur  Busse.    (17)  June  96. 


New  Roundhouse,  C,  M.  and  St.  P.  Ry.,  at  Gtalewood,  111 .*    (18)  June  96. 

Some  Details  of  an  Electric  Railway  Power  Station  at  Canton,  Ohio.*    ( 14)  June  96. 

Air-Brake  Hose  Specifications.    (Report  of  Com.  to  the  Master  Oar  Builders'  Asc 


(ag).  Julj;^ 
)Fron1 


Assoc) 


Locomotive  Front  Ends.    (Report  of  Com.  to  the  Master  Mechanics*  Assoc.)    (33)  July. 

Locomotive  Steaming  Capacity.    L.  L.  Bentley.    (33)  July. 

A  New  Arrangement  of  Fuel  Oil  Burners  for  Looomorives.*    (33)  July. 

Tabular  Comparison  of  Notable  Recent  Locomotives.    ( 33 )  July. 

66  Ft.  6  In.  Sleeping  Saloons;  London  &  North  Western  R.  and  W.  C.  J.  S.*    (31)  July. 

Steel  in  Passenger  Car  Construction.*    Wflliam  Forsyth,  M.  Am.  Soc.  M.  B.    (Paper  read 

before  the  Master  Car  Builders'  Assoc.)    (39)  July;  Abstract    (13)  June  94;    (18) 

June 96:    (is*  June 80. 
The  Oldest  Railway  in  the  World:  From  Swansea  to  Mumbles,  in  Wales.*    Thomas  Reea. 

(10)  Julv 

Power  and  Power  Transmission  for  Electric  Railways.    (60)  July. 

Prices  for  Repairs  to  Steel  Cars.    (Report  of  (3om.  to  the  Master  Car  BuOders'  Assoc.) 

(39)  July;    (18)  July  9;    (13)  June  94. 
The  Atlanta  and  Birmingham  Air  Line.*    (13)  July  1. 
Electric  Slenalling  on  Railwayn.*    ( 36)  July  1 . 
Hermanns  Direct  Driven  Semaphore  Signal.*    ( 13)  July  1. 
Locomotives  for  the  Central  south  A^can  Railways.*    H.  W.  Hanbury,  M.  Inst.  C.  E. 

(11)  July  1. 

*  Illustrated. 
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The  Nortb-Eastem  Bailway  and  CarvlUe  Ponrer  Houfte.*    (73)  Serial  beginning  July  1. 

Safety  Appliances  and  Their  Care.    George  Haonauer.    (40)  July  1. 

The  Performance  of  Compound  Locomotives  In  France.    G.  B.  Henderson.    (40)  July  1. 


Railroad— (Continued). 

The  Nortb-Eastem  Bailvi   , 

Safety  Appliances  and  Their  Care.    George  Haonauer.    (40)  July  1. 

The  Performance  of  Compound  Locomotives  In  France.    G.  B.  Hende«if<^u.    y^^,  »».,<. 

The  Southampton  Docks  and  Cold  Storage  Plant  of  the  London  &  Southwestern  By.* 

(40)  July  1. 
Bending  Moments  in  Balls.    P.  H.  Dudley.    (Paper  read  before  the  Amer.  80c.  for 

TestlngMaterials.)    (18)  July 2;    da)  July  15. 
Cast  Iron  wheela*    (Beport  of  Com.  to  the  Master  Car  Builders'  Assoc.)    (18)  July  2; 

(is)  June  84;    (39)  July;    (as)  July. 
High-Trestle  Construction.  Louisville  &  Nashville  B.  B.*    (18)  July  8. 
Bevision  of  Standards  ana  Becommended  Practice,  M.  C.  B.  Assn.    (Beport  of  Com.  to 

the  Master  Car  Builders'  Assoc.  1    (18)  July  2;    1 15 )  June  94. 
'      ■  '  •  -^    •  -jr  Elei     '^       ^ ' 


Standard  Location  of  Third  Bail  for  Electrfcat  Opemtion.*    (Beport  of  Com.  to  the 

MasterCar  Builders' Assoc.}    (18)  July  8;    (ik)  June  84;    (17)  June  86. 
Tests  of  M.  C.  B.  Couplers.*    (Beport  of  Com.  to  the  Haster  Car  Builders'  Assoc.)    (18) 

July  8;    (15)  June  84;  (13)  June  80. 
Notes  on  German  Axle,  Wheel  and  Bail  Practice.    (17)  July  8. 

Locomotive  Testing  Plant  at  the  St.  Louis  Exposition.*    H.  W.  Hanbury.    (6a)  July  7. 
A  Becent  French  Bailway  Tie  of  Belnf orcel  Concrete.*    (13)  July  7. 
Sighting  Blocks  for  Track  Surfacing  and  Lining.*    ^1$)  July  7. 
The  El  Paso  Union  Station.*    ( 15)  July  8. 
Heating  by  Steam  upon  French  Railways.*    (40)  July  8. 
A  Metal  Bailroad Tie*    (15)  July  8. 
Baldwin  Four-Coupled  Double  Ender.*    <  18)  July  0. 

Electrical  Equipment,  C.  and  E.  I.  B.  B.  Shops,  at  Danrllle,  III.*    (18)  July  9. 
Mechanical  Befrigerator  Car.*    .'  18)  July  9. 
Second  Track  Work  on  the  Southern  Bailway.*    (15)  July  15 
Screw-Spikes  and   Dowels.*    Hermann  von  Schrenk.     (From  Bulletin  No.  60,  U.  S. 

Dept.  of  Agriculture. )    (15)  July  16. 
The  Tehuantepec  Bout«.*    £.  L.  Corthell.    (15)  July  16. 
Vibration  of  Bailway  Vehicles.*    ( la)  July  16. 
The  Springfield,  Troy  &  Piqua  Electric  Bailway.*    (17)  July  16. 
The  Cleveland,  PainesvUle  &  Ashtabula  Electric  Bailway.*    (17)  July  16. 
Locomotive  Testing  Plant  of  the  Pennsylvania  at  St.  Louis.    (18)  Serial  beginning  July 

16:  (15)  Serial  beginning  July  88;  (ag)  Serial  beginning  Auff. 
Bevision  of  Standards.*    (Beport  of  Committee  of  Amer.  By.  Master  Mechanics'  Assoc.) 

(18)  July  16. 


( 18)  July  18. 
The  Marienl^elde-Zossen  High-Speed  TrUls.*    Alfred  Gradenwitz.    (7a)  July  80. 
Passenger  Locomotive  for  toe  l^>rtuguese  Slate  Bailway.*    (11)  July  88. 
1  Tunnel  on  the  Chicago  Great  Western.*    (15)  July  88;  '    ^  ' 

d  Compound,  C  B.  &  Q.  By.*    (18)  July  8d. 

mprovements  of  the  New  York,  New  Haven  and  Hartf 


Belining  Whiston  Tunnel  on  the  Chicago  Great  Western.*    (15)  July  88;  (40)  July  88. 

Baldwin  Balanced  Compound,  C  B.  &  Q.  By.*    (18)  July  8d. 

The  Bridgeport  Improvements  of  the  New  York,  New  Haven  and  Hartford  Bailroad.* 

( 14)  Serial  beginning  July  88. 
The  Construction  of  the  Lu  Pao  Section  of  the  Lu-Han  Bailway.    (14)  July  88. 
German  Track  and  Signal  Exhibit  at  the  World's  Fair.*    (18)  July  83. 
Motor  Cars  on  European  Bail  ways.*    (13)  July  8S. 
Block  Signaling  on  the  Chicago  &  North  Western.    ( 15)  July  89. 

Automatic  Couplers.*    William  F.  Pettigrew.    (Paper  to  be  presented  to  the  Interna- 
tional By.  Congress.)    (40)  July  89. 
Changes  in  the  Baltimore  &  Ohio  Locomotive  PickUp  Device.*    ( 17)  July  80. 
New  York  Central  Express  Compound  Locomotive.*    (46)  July  80. 
The  Power  Plant  of  the  Bock  Island  Bailway  Shops  at  East  Moline.*    (14)  July  80. 
New  Locomotives  for  the  Mexican  Central  By.*    ( 18)  July  80. 
Application  of  Electricity  to  Steam  Boads.    L.  S.  Bandolph.    (Paper  presented  before 

the  Bichmond  B.  B.  (Jlub. )    ( 18)  July  80. 
Shop  Equipment.    William  S.  Cozad.    (as)  Aug. 
Application  de  la  Force  M6canique  aux  Travaux  de  Benouvellement  des  Voles.    M. 

Begnoul.    (38)  May. 
Les  Nouvelles  Locomotives  61-65  du  Chemin  de  Fer  de  la  Petite  Ceinture  de  Paris,    J. 

Koechlin.    (38)  May. 
Le  Chemin  de  Fer  Transslb^rien.*    E.  Lemaire.    (33)  Serial  beginning  May  7. 
Installations  Electriques  de  la  Compagnie  de  I'Ouest  a  la  G^re  de  Batignolles-Marchan- 

dises.*    Maurice  Soubrier.    (36)  Serial  beginning  May  85. 
Cbemin  de  Fer  de  Liverpool  a  Southport;  Bemplacement  de  la  Traction  &  Vapeur  par  la 

Traction  Electrique.*    Debeul.    (33)  May  2S. 
Le  Chemin  de  Fer  Metropolitain  de  Paris.    J.  Hervieu.    (34)  June. 
Note  Rur  les  Voitures  de  Seconde  Classe  a  Bogies  de  la  Compagnie  de  TOuest.*    Bobert 

Dubois.    (38)  June. 
Une  Puissante  Locomotive  Anglaise.*    Daniel  Bellett.    (36)  June  10. 
Le  Chemin  de  Fer  de  la  Jungfiau  et  Les  Nouvelles  Locomotives  filectriques.*    L.  J. 

Sidler.    (33)  Serial  beginning  June  18. 
Note  sur  les  Xocomotives  Compound  a  4  Cylindres  de  la  Compagnie  d'0rl6ans.*    P. 

Conte.    <38)  July. 
Appareiis  pour  la  Manoeuvre  £lectrique  des  Aiguillages  et  des  Signaux  de  la  Gare  Cen- 

trale  d^Anvers.*    L.  Weissenbrucn.    (38)  July. 

♦  Illustrated. 
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Rallroiid— (Continuad). 

IxMxnnotlye-Tender  a  Sept  Baaleox  pour  Chenflns  de  Per  de  M onteiriie.*    (aa)  July  9. 
ManoBuvre  Electropneuinatlque  des  Signauz  i  U  Qara  de  Parto-Bsi.*   E.  Wagner.  (33) 
^    July ».  ^ 

Bxp6rieiioe8  8ur  dea  Cbemlndea  et  dea  Achappements  de  LooomottTea  4  rUnlveraiM  de 
Purdue  (l&tota-Unla.)^   F.  BarUer.    (33)    July ». 

Railroad,  Street. 

The  City  and  South  London  Bailway:  Working  Bemilts  of  the  Three-Wire  System 

Appued  to  Traction,  etc.*    Peter  Valentine  McMahon,  M.  Inat  B.  B.    (77)    Apr. 

Effect  of  Self-induction  on  Bailway  Motor  Commutation.*   E.  H.  Anderson.  (4a)  Apr. 

Tram-Bails  and  Bail  Bonding.    Percy  S.  Sheardown.    (Paper  read  before  the  Inat  E. 


EJ    (73)    Serial  beginning  May  6. 
The  EUuiem  Biver  Tunnel  oT&e  New  York  Bapid  Transit  Bailroad.*    (14)   May  14. 
LAmme  Single-Phase  Bailway  System.*   (ay)    Hay  14. 
Tests  of  Steam  Turbinea  at  the  Newport  Station  of  the  Old  Colony  Street  Bailway.  (14) 

May  14. 
Some  Features  of  the  East  St.  Louis  ft  Suburban  Bailway.*    (17)    May  14. 
East  St.  Louis  ft  Suburban  Bailway.*    (7a)    May  90. 
Electric  Oar  and  fram  Brakes.    S.  J.  Kidder.    (Abstract  of  Paper  read  before  the  Air 

Brake  Assoc.)    (7a)    May  90. 
Power  Supply  System  of  the  Brooklyn  Bapid  Transit  Co.*    (7a).    May  90. 
Some  Bnerlences  with  Hlgh-Tentfon  TYanKmiasion  Linea.*     H.  0.  Beagan.    (ya) 

The  Street  Bailway  and  Ferry  Systems  of  Oakland,  Cal.*    (ya)    May  20. 
Manchester  TractU>n,  Light  ft  Power  Co.*    (ya)    May  9a 

Leicester  Corporation  Electric  Tramways.*    (73)    May  90;  (ad)    May  90:  (17)  June  4. 
Electric  Bailway  Car  Houses— Construction  and  Haiards.    Balph  SweUano.    (From 

Bulletin  ot  Com.  on  Special  Hasards  and  Fire  Becord  of  the  Nat.  Fire  Protection 
^    Assoc.)    (17)    May  91. 

Overhead  Tramway  Construction.    (36)    May  97. 
Sin^e  ver9U9  Polyphase  (Jeneratora  in  Alternating-Current  Bailway  Work.*    W.  A. 

Blanck.    (73)    fcay97. 
Olrcult-Breakers  on  Double-End  Cars.*    CaleOough.    (17)    May9B. 
The  Great  Northern  and  City  Bailway:  London^s latest  Tube.*   Herbert  C.  Fyfe.    (9) 

June. 
Some  British  Central  Electric  Power  Stations.*    H.  F.  Parshall,  M.  Inst.  C.  E.    (10; 

June. 
Method  of  Making  Electrical  Survey  of  Bocheater.  N.  Y.*    (60)    June. 
An  Important  Test  of  Elliptic  Springs:  Made  for  the  Interborough  Bapid  Transit  Ball- 


wav:  To  Determine  FermanentSet  and  Proper  Working  Fiber  Stress.*    S.  A.  Bul- 

Bnglishlf        ^ ^ 

Effective  Car  Stop  for  Use  at  the  Foot  of  a  Dangerously  Steep  Hill.*    (17)    June  4. 


(aa)    June. 

An  English  Municipal  Electric  Bailway.*    (37)    June  4. 

An  Effective  Car  Stop  for  Use  at  the  Foot  of  a  DangerouL.^ ^ ,  _ , , 

Selective  Signaling  <m  the  Boston  ft  Worcester  Electric  Bailway.    (17)    June  4 

Notea  on  the  San  Diego  and  Coronado  Bailway  Systems.*    (17)    June  4. 

Recent  Elevated  Practice  in  Berlin.*    John  P.  Fox.    (17)    June  4. 

Derby  Electricity  Works  and  Tram  ways.*    (73 )    Serial  beginning  June  10. 

OhiUed-Iron  V.  Steel-Tired  Wheels.    (36)   Serial  beginning  June  ib. 

Street  BaUway  Exhibits  at  the  World's  Fair.*    (17)    Serial  beginning  June  11. 

Completing  the  Bapid  Transit  Subway.*    (46)    June  11. 

Elevated  Car  for  Fire  Fighting.*    (17)    June  11. 

An  Improved  Terminal  for  Wi^n/iHng  the 


I  the  Heavy  Coney  Island  Crowds— Brookljm  Bapid 
Beoent  Proeress'^onlhe  I^.  tf.  C.  Tramways.*    (a6)    June  17. 


Transit  Company.*    (17)    Jimell. 
heL.C.C.T 


June  18. 
Bepatr  Shops  for  Small  Beads.*    Francis  G.  Daniell.    (17)  June  18. 
New  Cars  for  Schenectady  Bailway.*   J.  E.  Bankat.    (ya)  June  90. 
The  Intramural  Bailway  (St.  Louis  Exposition).*    (7a)  June  90. 
Tower  Cars  of  the  Brooklyn  Heights  Bailroad.*    (7a)  June  90. 
The  Comfort  Passenger  C^.*    (7a)  June  90. 
Inspection  and  Care  of  Car  Wheels.*    B.  B.  Steams.    (7a)  June  90. 
The  3[iasouri  Biver  Power  Station  of  the  Metropolitan  Street  Bailway  Company  of 


I  City,  Mo.*    Howard  Prescott  <^ck.    (7a)  June  90. 

Cars  for  the  Chicago  Subway.*    (is)  June  94;  (18)  June  95;  (40)  June  94. 

An  ElectricaUy-Oper»ted  Point  Shifter.*    (73)  June  94. 

Bepalntlng  Street  Bailway  C^ars.    John  C.  Weaver.    (17)  June  96. 

An  Important  Application  of  the  Storage  Atr-Brake  System  at  Newark,  N.  J.*     (17) 

June  96. 
High  Tension  Transmission  for  Electric  Bailways.*   W.  J.  Davis,  Jr.    (Paper  read  before 

the  New  ^land  St.  By.  Club).    (17)  June  96. 
Britfah  Precautions  Against  Subway  Disasters.    ( 15)  July  1 . 

*  Illustrated. 


CURRENT  BNQINBEBIKO   L1TEBA1  ORB.  297 

Railroad,  Street— (Cootinued). 

Electric  Traction  by  Surface  Contacts.    C.  E.  C.  Shawfleld,  Assoc.  H.  Inst.  E.  E. 

(Paper  read  before  the  Incorporated  Mun.  Elec.  Assoc.)    (73)  Serial  beginning  July 

lii47)  July  9;  Abstract  (  j6)  July  8;  (17)  July  0. 
The  Westlnghouse  No.  200  Railway  Motor.*    ( 17)  July  2. 
An  Important  New  Street  Railway  Repair  Sbop  at  Portland,  Ue*    (17)  July  8. 
Kinnbridge  Power  Station  of  the  New  York  City  Railway  Company.*    (14)  July  2;  (17) 

Ju]y2;  (37)  July9. 
The  Rapid  Transit  Subway  Tunnel  Under  the  Harlem  River.*    (46)  July  2. 
Renair  Shop  Practice  in  Columbus,  Ohio.*    ( 17 )    July  9. 
A  New  Type  of  Car  for  the  Boston  Elevated  Railway.    ( 17 )    July  9. 
Current  Coilectlon  on  High-Speed  Electric  Railways.*    (17)    July  9. 
The  Westinghouse  Unit-Switch  System  of  Multiple-Unit  Train  Control.*    (73)  July  15. 
New  Power  Installation  of  the  Twin  City  Rapid  Transit  Co. *    17a)  July  20. 
Rule»  Goveminjip  Car  Wiring  and^Equipment  of  Cars._(i7)  July  16;  (7a)  July  20. 

'  Paul  M511er.    (9)  Aug. 
Sanitary. 
Warming  and  Ventilating  of  Public  Schools.*    D.  M.  Neebit.    (PAper  read  before  the 

San.  Inst.)    (70)  May. 
A  Description  of  Sewage  Di«!posal  Systems  in  Massachusetts.*    X.  Henry  Goodnough. 

( Paper  read  before  the  Boston  Soc.  of  Civ.  Engrs. )    ( 1 )  May. 
Adaptability  of  the  Massachusetts  .<lethod  of  Intermittent  Sand  Filtration  to  Sewage 

Disposal  Problems  iu  Other  SUtes.*    F.  Herbert  Snow.    (Paper  read  before  the 

Boston  Soc.  of  Civ.  Engrs.)    ^1)  May. 
The  Use  of  the  Septic  Tank  in  Connection  with  Sewage  Disposal  Works.    Frank  A. 

Bai  hour.    (Paper  read  before  the  Boston  Soc.  of  Civ.  Engrs. )    ( 1 )  May. 
Heating  the  Greenhouse  at  the  United  States  Soldiers'  Home,  Washington,  D.  C*    (70) 

May. 
French  Heating  Methods.*    G.  Debeeson.    (70^  Serial  beginning  May. 
An  Investigation  of  Hub  Joints  in  Cast  Iron  Pipes.*    George  Mathias  Trede.    (70)  May. 
Practical  Points  in  Sewage  Disposal  Works.    (14)  May  14. 
Heating  and  Ventilating  a  Works  Office  Building.*    ( 14 )  May  14. 
Sewer  Contractor's  Records.    U3)  May  19. 
A  Reinforced  Concrete  Sewer  at  Wilmington,  Delaware.*    T.  Chalkley  Hatton.    (14) 

May  21. 
Extensions  of  the  Brooklyn  Sewerage  System;  Sixtieth  Street  Sewer.*    ( 14)  May  21. 
Heating  and  Ventilating  the  Minnesota  State  Capitol.*    ( 14)  May  21. 
Extensions  of  the  Brooklyn  Sewerage  System;  Foster  Arenue  Trunk   Sewer.*     (14) 

May  28. 
Tile  Drainage.*    F.  L.  Knight.    1 76)  June. 
The  U  tilizauon  and  Disposal  of  Municipal  Waste.*    Wm.  F.  Morse.    ( 3 )  Serial  beginning 

June. 
Tenement  House  Problems.    Thomas  C.  T.  Crain.    (70)  June. 

Report  of  the  Tenement  House  Department  of  the  City  of  New  York  1902-8.*    (70)  June. 
Recent  Advances  in  Tenement  Sanitation.    Lawrence  Veiller.    (70)  June. 
The  Nitrifying  Orgaaismain  Sewage  Filters.    Dr.  Schultz  Schultsenstein.    (7)  June. 
New  Sewage  Works  at  Glasgow.    ( la )  June  8. 
Forms  for  Constructing  a 86-in.  Reinforced  Concrete  Sewer  at  Beverly,  Mara.*     Geo.  P. 

Caiver.    (13)  Junell. 
A  Small  Concrete-Steel  Sewage  Pumping  Station,  at  Newton,  Mass.*    v  14^  June  11. 
The  Scheme  of  the  Extensions  of  the  Brooklyn  Sewerage  System.*    (14)  June  11. 
Advanced  Methods  of  Warm  Air  Heating.*    A.  C.  Jones.    <  Paper  read  before  the  Amer. 

Soc.  of  Heating  and  Ventilating  Engrs.)    (70)  July;  Abstract  (14)  July  28. 
Air  Quantity  Required  for  Ventilation.*    S.  H.  Woodbridge.    (Abstract  of  Paper  read 

before  the  Conn.  State  Board  of  Education. )  (70)  Serial  begmning  July. 
A  Central  Hot- Water  Heating  Plant  in  the  Boston  Navy  )fard.*  (14)  July  16. 
Large  Relief  Sewers  in  Brooklyn.*    (14)  July  16. 

Epuration  M6canique  des  Eaux  d'£gout  de  Wiesbaden:  Systdme  Schneppendahl.*    (35) 
May. 

StrncKural. 

Theory  of  the  Spherical  Dome  with  a  Homogeneous  Surface,  and  of  the  Framed  Dome; 

also  Notes  on  the  Construction  of  Masonry  and  Metal  Domes.*    E.  Schmitt,  Assoc. 

M.  Am.  Soc.  C.  E.    (54}  Vol.  62. 
Roofing  Existing  Shops  While  Work  is  Proceeding.*    R.  H.  Fowler,  M.  I.  Mech.  E. 

(75)  No.  2, 1008. 
Report  to  the  Chief  of  Engineers,  U.  S.  A.,  on  the  Baltimore  Fire.    John  Stephen  Sewel. 


n^'-^"^- 


Timber  Treatment  and  Timber  Treathig  Plants.*    Walter  W.  Curtis.    (65)  Apr.  16. 
Tests  of  Sand  Lime  and  Concrete  Lime  Brick  and  Concrete  Building  Blocks.    A. 

Marston.    ^ Paper  read  before  the  Iowa  Brick  and  Tile  Assoc.)    (76)  May. 
Heyworth  Reinforced  Concrete  Building.*    (67)  May. 
The  New  Ycrk  Times  Building.*    ( 14)  Serial  beginning  May  14. 

*  Illustrated. 
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Stnietaffal-(Coiitlaiied). 

The  Fifth  RaJKiment  Annory,  Baltimore.*    (14)  May  14. 

Foundations  Cor  the  SturteTast  Hotel.  New  York  City.*    (14)  May  14. 

Making  Concrete  Water  Tight.    (13)  May  19. 

The  Building  Construction  of  the  St.  Louis  Exhibition.*    (13)  May  19. 

A  Large  United  States  Brick  Store  House.*    ( 14)  May  SI. 

A  Concrete  Steel  Chimney  Reinforced  with  T-Bars.*    ( 14)  May  SI. 

Faints  Suited  for  Engineering  Structures,    (la)  Serial  beginning  May  S7. 

Belnforoed  Concrete  in  Building  Construction.*    Bmile  G.  Perrot    (Abstract  of  Paper 

read  before  the  School  of  Arch.,  Uniy.  of  Pa.)    ( 14)  May  88. 
An  All-Concrete  Grand-Stand.*    J.  L.  Van  Oraum.    (14)  May  28. 
The  Design  of  the  Steel-Concrete  Work  of  the  Harvard  Stadium.*   Lewis  J.  Johnson. 

(Paper  read  before  the  Boston  Soc.  of  (Div.  Engrs.)    (1)  June;  ( 14)  July  S8. 
Report  of  the  Committee  on  Technical  Inyestigation:  The  Formation  of  Dark  Cores  or 

Discoloratlons  in  the  Literior  of  Claywaree.    Edward  Orton.    (76)  June. 
Concrete  Block  Manufacture.    (60)  June. 
The  Clayworking  Industrial  Exhibit,  Mines  and  Metallurgy  Building,  World's  Fair,  St. 

Louis,  Mo.*    (76)  June. 
Re6ent  Advances  in TenementSanitation.    Lawrence Veiller.    (70)  June. 
Report  of*  the  TenementtHouse.  Department :of  the  City  of  New  York  1908-3.*    (70) 

June. 
Tenement  House  Problems.    Thomas  C.  T.  Orain.    (70)  June. 
Flexure  of  Reinforced  Concrete  Beams.*    W.  K.  Hatt.    (4)  June. 
Cross-Bending  Tests  on  Beams  of  Reinforced  Concrete.*  Malverd  A.  Howe.    (4)  June. 
Reinforced  Concrete:  a  Discussion.*    (4)  June. 
The  Preservative  Treatment  of  Wood.*   Samuel  P.  SadUer.    (7)  June. 
Contributions  to  Our  Knowledge  of  White  Lead  and  of  Its  Protecting  Properties.  Augus- 
tus H.  Gill  and  Stanley  A.  Foster.    (7 )  June. 
The  Recent  Conflagration  in  Baltimore.*    C.  L.  Norton.    (7)  June. 
A  Descriptive  Catuogue  of  the  Building  Stones  of  Boston  and  Vicinity.    W.  O.  Crosby 

and  G.  F.  Loughlln.    (7)  June. 
Arched  Roof  TruMes  of  limber  Construction.  *    (13)  June  8. 
A  Reinforced  Concrete  Store  Building  in  Chicago.*    (14)  June  4. 
Strength  of  Steel  Castings  at  Ordinanr  and  High  Temperatures,    do)  June  11. 
Some  Phenomena  of  the  Adhesion  of  Steel  and  Concrete.    J.  W.  Schaub,  M.  Am.  Soc. 

C.  E.    (iji)  June  16. 
A  Novel  Method  of  Erecting  the  Roof  Trusses  of  the  Tlst  Regiment  Armory,  New  York 

City.*    W.  T.  McCarthy.    (13)  June  16. 
Reinforced  Concrete  Piles  with   Enlarged  Footings  for  Underpinning  a  Building.* 

J.  Albert  Holmes.    (13)  June  16. 
A  Factory  Building  with  Reinforced  Concrete  Wall  Girders.*    (14)  June  18. 
Arch  Trusses  for  Aerial  Circus  Platform.*    ( 14)  June  18. 
The  New  Structural  and  C!ar  Shops  of  the  (Jambria  Steel  (Tompany,  Johnstown,  Pa.* 

(14)  Serial  beginning  June  18. 
Design  for  Reinforced  (Joncrete  Bins  for  Grain  Elevators.*    ( 13)  June  88. 
A  Proposed  Test  for  Detecting  Brittleness  in  Structural  Steel.*    J.  P.  Snow.    (Paper 

read  before  the  Amer.  Soc.  for  Testing  Materials.)    (ao)  June  28;  (14)  June 86;  (6a) 

July  81;  (13)  July  88. 
Tests  for  Detecting  Brittle  Steel.    Wm.  R.  Webster.    ( Paper  read  before  the  Amer.  Soc . 

for  Testing  Materials.)    ( 14)  June  86;  (15)  July  88. 
Standard  Specifications  for  Cement.    (14 <  June  86. 
Some  AMeibptB  to' Limit- the  •Personsl*  Equation  In  Oment  Testimr.    W.  A.  Aiken. 

(Abstract  of  Paper  read  before  the  Amer.  Soc.  for  Testing  Materials. )   (14)  June  86. 
Some  Phenomena  of  the  Adhesion  of  Steel  and  Concrete.    (24)  June  87. 
A  New  Chuck  for  Holding  Short  Test  Pieces.*    ( ao )  June  80. 
Results  of  an  Investigation  of  the  Durability  of  Paints  for  the  Protection  of  Structural 

Work.*    Robert  Job.    (Paper  read  before  the  Franklin  Institute. )    (3)  July. 
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GENERAL  METHODS 

FOR  THE  CALCULATION  OP 

STATICALLY  INDETERMINATE  BRIDGES, 
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DESIGNS  FOR  THE  MANHATTAN  BRIDGE 
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Two  huge  snspension  bridges,  the  old  '' Brooklyn  Bridge"  and  the 
<*Williamsbarg  Bridge,"  now  span  the  East  River,  uniting  Manhat- 
tan with  the  adjacent  boroughs  of  Greater  New  York  on  Long  Island. 
Two  other  great  bridges  across  the  East  Biver  have  been  projected, 
and  are  now  in  process  of  construction,  the  ''Black well's  Island 
Bridge "  and  the  "Manhattan  Bridge,"  designed  by  the  City  Depart- 
ment of  Bridges,  under  the  direction  of  Gustav  Lindenthal,  M.  Am. 
Soc.  G.  E. ,  former  Commissioner  of  Bridges,  assisted  by  a  consulting 
architect,  Mr.  Henry  F.    Hornbostel.      Subjected  to  the  criticism. 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may 
be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published 
in  a  subsequent  number  of  Proce*uiings^  and,  when  finally  closed,  the  papers,  with  dis- 
cussion in  full,  will  be  published  in  TransactioiM. 
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advice  and  approyal  of  the  Munioipal  Art  Commission,  a  body  of 
eminent  architects  and  artists,  and  of  a  special  engineering  commission 
of  fiye  of  the  most  prominent  bridge  engineers  of  the  country,  they 
promise  to  give  New  York  two  of  the  most  handsome  and  serviceable 
great  bridges  of  the  world.  And  as  the  same  broad  policy,  of  giving 
the  city  the  benefit  of  the  advice,  criticism  and  expert  knowledge  of 
specialists  outside  of  the  department,  is  being  pursued  in  matters  of 
detail,  as  in  drawing  up  the  specifications  and  making  independent  or 
check  sets  of  stress  calculations,  similar  freedom  from  fault  and  error 
may  be  expected  here. 

The  methods  used  in  making  the  check  sets  of  stress  calculations, 
which  were  assigned  to,  and  have  been  made  by,  the  writer,  is  the 
subject  of  this  paper.  It  is  presented  in  the  belief  that  the  methods 
described  are  so  exceptionally  simple,  so  easy  of  application,  so 
general,  as  well  as  so  accurate  and  reliable,  that  they  are  well  worth 
the  attention  of  American  bridge  engineers  generally,  and  with  the 
hope  that  the  exceptional  magnitude  of  the  two  great  bridges  to 
which  these  methods  were  applied  with  perfect  success,  will  win 
for  them  attention  and  consideration  which  otherwise  could  hardly 
be  secured.  These  methods  include  nothing  new;  that  is,  noth- 
ing not  already  well  known  and  used  in  Europe;  but,  as  far  as  the 
writer  is  aware,  they  are  little  known  in  this  country  and  have  not 
previously  been  described  in  a  complete,  brief  and  clear  manner.  It 
is  the  purpose  of  the  writer  to  attempt  such  a  description,  and  he 
trusts  that  the  reader  will  pardon  any  repetition  of  matter  already 
well  known,  the  inclusion  of  which  is  made  necessary  for  the  sake  of 
completeness. 

The  two  bridges  in  question  are  what  are  known  as  **  statically -in- 
determinate structures,"  viz,,  structures  with  more  inner  parts  or 
outer  restraints  than  are  necessary  for  their  definition  (or  to  make 
them  ''just  stiff"),  and  the  calculation  of  the  stresses,  therefore,  is  not 
possible  through  the  simple  application  of  the  equations  of  equilib- 
rium. For  this  calculation  there  is  required,  in  addition,  the  con- 
sideration of  distortion  under  load  and  the  consequent  distribution  of 
stress  among  the  different  parts  of  the  structure.  This  involves,  in 
turn,  knowledge,  not  merely  of  the  form  of  the  structure,  but  of  the 
dimensions,  material  and  elastic  qualities  of  its  parts,  and  necessitates 
much  longer  and  more  complicated  calculations,  the  results  of  which 
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are  mnoh  lesB  reliable*  than  in  the  case  of  the  simpler  staticaUy-deter- 
minate  stmotures.  However,  these  calculations  are  frequently  neces- 
sary, as  in  this  case,  and  we  are  wholly  concerned  here  with  the 
exposition  of  a  simple,  clear  and  reliable  general  method  for  this  pnr» 
pose. 

If  the  strnctnre  were  determinate,  t.  e.,  if  it  had  no  unnecessary^ 
outer  restraints  or  inner  parts,  the  calculation  of  the  stresses  by  the- 
ordinary  laws  of  equilibrium  would  offer  no  difficulties.  To  make  any 
actual  indeterminate  structure  so  calculable  it  would  be  necessary  to 
remove  the  superfluous  restraints  and  cut  the  superfluous  parts.  But 
in  that  case  the  structure  would  no  longer  act  as  it  did  previously. 
Suppose,  however,  that  the  restraints  thus  removed  and  the  stresses 
at  the  cut  surfaces  thus  eliminated,  be  replaced  by  forces  such  as  will 
make  the  distortion  of  the  structure  exactly  what  it  would  have  been 
if  the  superfluous  restraints  had  not  been  removed  and  the  superfluous- 
parts  had  not  been  cut.  The  stresses  would  then  be  maintained  as 
though  nothing  had  been  changed,  and  they  would  readily  be  expressed 
in  terms  of  the  loads  and  the  replacing  forces.  But  these  replacing 
forces  are  unknown.  How  shall  they  be  determined?  Simply  by 
requiring  them  to  be  such  that  the  distortions  which  they,  together 
with  the  given  loading,  cause,  shall  be  precisely  the  same  throughout 
as  though  no  restraints  had  been  removed  and  no  parts  had  been  cut. 
That  is,  they  must  be  such  that  the  points  free  from  restraint  wilU 
nevertheless,  follow  the  path  of  restraint,  and  the  cut  surfaces  of  the* 
parts  cut  shall,  nevertheless,  remain  together  as  though  they  were  not 
cut.  These  conditions  we  may  express  through  equations  of  elastic 
distortion,  and  these  equations  will  be  found  precisely  equal  in  num- 
ber to  the  unknown  forces,  and  linear  in  form.  Let  us  consider  the 
particular  cases  of  the  Blackwell's  Island  and  the  Manhattan  Bridges. 

Both  these  bridges  are  frameworks,  and  are  treated  under  the  sim- 
plifying assumptions  usual  with  frameworks,  the  calculation  being 
limited,  in  both  cases,  to  the  main  truss  systems. 

In  the  case    of   the   Manhattan    Suspension  Bridge  we  have  a 

structure  of  three  spans  to  consider,  viz.,  one  center  span  of  1  470  ft. 

and  two  side  spans  of  725  ft.  each.     The  center  span  is  an  inverted 

*See  '*Some  Fimdamental  Propositions  Relattng  to  the  Design  of  Frameworks,'*^ 
Technology  Quarterly,  Jvaie^l8S7;  '^Some  Fundamental  Propositions  in  the  Theory  of 
Elasticity,— a  Study  of  Primary  or  Self-Balancing  Stresses,''  American  Journal  of 
Science^  April. IfiOl,  and  *'The  Exact  Design  of  Statically  Indeterminate  Frameworks, 
An  Exposition  of  its  Possibility,  but  FutiUty,''  Transaction,  Am.  Soc.  C.  E.,  Vol.  XLllly 
p.  868. 
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arch  supported  on  rooking  towers.  The  side  spans  are  inverted  semi- 
arches,  each  supported  by  a  tower  at  one  end  and  an  anchorage  at  the 
other.  Horizontal  motion  of  the  anchor  ends  of  the  anchor  spans  is 
prevented  by  anchor  chains,  which  are  continuations  of  the  top  chords 
and  which  extend  far  down  into  the  anchorage  masonry,  where  they 
are  made  fast.* 

Suppose  one  of  the  anchor  chains  cut;  the  structure  would  be 
reduced  to  three  simple  spans  and  become  at  once  statically  deter- 
minable. But  it  would  not  act  as  before.  The  cut  anchor  chain 
stress  must  be  replaced  by  a  pair  of  equivalent  forces,  applied  to  the 
-cut  ends.  In  order  to  determine  this  pair  of  forces,  it  is  only  necessary 
to  express  the  condition  that  the  cut  ends  of  the  chain  shall  remain 
just  touching,  as  a  result  of  the  distortion  of  the  structure  from  these 
forces  and  the  load.  Or,  suppose  that  the  middle  lower  chord  bar  of 
the  center  span  be  cut,  that  a  hinge  be  introduced  in  the  middle  of 
the  upper  chord  bar  above  it,  and  that  sxdtable  diagonals  to  this  hinge 
be  provided,  in  place  of  the  normal  pair  of  counters  of  the  eenter 
panel.  The  structure  is  then  reduced  to  an  inverted  three-hinged 
arch  on  two  rocking  piers  braced  by  two  anchored  side  spans,  and,  as 
before,  becomes  statically  determined.  Again,  it  would  not  act  as 
before,  and  the  stress  in  the  cut  bottom  chord  bar  must  be  replaced 
by  a  pair  of  equal  and  opposite  forces  applied  at  the  cut  ends.  In 
order  to  determine  these  forces  it  is  only  necessary  to  express  the  con- 
dition that  the  cut  ends  of  the  bar  shall  remain  just  touching,  as  a 
result  of  the  distortion  of  the  structure  from  these  forces  and  the 
load. 

In  the  case  of  the  Blackwell's  Island  Bridge  we  have  a  cantilever 

«tructare  of   five  clear   spans  to  consider,    viz,:   (1)   a  Manhattan 

shore  span  of  469.5  ft.;  (2)  a  cantilever  arm  of  591  ft.  extending  over 

the  west  channel  of  the  East  Biver,  met  by  a  similar  cantilever  arm  of 

591  ft.  from  the  Black  weirs  Island  truss,  making  a  river  span  of  1 182 

ft. ;  (3)  the  main  span  of  the  Black  well's  Island  truss  over  the  island, 

630  ft. ;  (4)  a  cantilever  arm  of  492  ft.  over  the  east  channel  of  the  East 

Biver,  met  by  a  similar  cantilever  arm  of  492  ft.  from  the  Queens 

*  The  analysis  of  this  structure  as  to  the  degree  of  indetermiDation  of  the  outer 
forces  may  be  made  as  follows:  There  are  four  polDts  of  support  for  the  truss  system; 
therefore,  with  two  reaction  elements  at  each  support,  there  would  be  eight  reaction 
elements  to  determine;  but  at  the  towers  the  reactions  are  vertical,  thus  leaving  only 
six  elements  to  be  determined.  For  this,  statics  furnishes  the  three  conditions  of  the 
equilibrium  of  forces  in  a  plane  and  the  two  further  conditions  that  the  moment  of  all 
outer  forces  either  side  of  a  section  at  either  tower,  about  the  summit  of  that  tower,  is 
xero.    One  condition  remains  to  be  furnished  through  elastic  relations. 
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tniBS,  making  another  river  span  of  984  ft. ;  and  (5)  the  shore  span  of 
the  Queens  truss,  of  459  ft.  Unlike  usual  American  cantilever  bridges, 
which  are  of  the  statically  determinate  type,  the  ends  of  the  cantilever 
arms  are  not  here  separated,  horizontally,  by  a  gap  spanned  by  a  con- 
necting  truss,  but  the  end  of  the  cantilever  arm  from  one  shore  comea 
vertically  over  the  end  from  the  other  shore,  and  the  two  are  connected 
by  a  long,  rigid,  vertical  member  or  "rocker  arm."  These  two 
rocker  arms,  one  in  each  river  span,  make  the  stracture  doubly  static- 
ally indeterminate.* 

Suppose  both  these  rocker  arms  cut,  the  structure  would  be  reduced 
to  three  simple  spans  with  disconnected  cantileyer  extensions  and 
would  become  statically  determinable.  To  make  it  act  as  before,  the 
rocker  arm  stresses  must  be  replaced  by  pairs  of  equal  and  opposite 
(unknown)  forces  applied  to  the  out  ends.  In  order  to  determine 
these  forces  we  must  express  the  conditions  that  the  cut  ends  of  the 
bars  shall  remain  just  touching,  as  a  result  of  the  distortion  of  the 
strikcture  from  these  forces  and  the  load,  two  conditions  (since  there 
are  two  out  bars)  corresponding  to  the  two  pairs  of  forces  which  are 
to  be  determined. 

In  all  cases,  then,  the  problem  is  reduced  to  that  of  expressing 
certain  displacements  of  the  structure  in  terms  of  a  set  of  forces,  some 
known  and  some  unknown,  acting  upon  it  as  a  statically  determinate 
structure.  We  may,  therefore,  by  the  usual  methods,  and  simply 
through  the  laws  of  equilibrium,  express  the  stresses  in  all  parts 
of  the  structure  in  terms  of  these  forces,  known  and  unknown,  and 
thence,  through  the  stress-strain  relations  for  the  given  materials 
and  for  the  given  sections,  express  the  strains.  It  only  remains  to 
express  the  displacements  sought  in  terms  of  these  strains,  equate 
them  properly  and  obtain  the  required  conditions.  Thus  far,  probably 
nothing  has  been  stated  that  is  not  familiar  to  all.  But  how  shall  we 
express  the  desired  displacements  in  terms  of  the  strains  of  the  parts? 

Various  methods  may  be  adopted  to  this  end.    Until  quite  recently, 

*  The  analysis  of  this  structure  as  to  the  degree  of  indeterminatloii  of  the  outer 
forces  may  be  made  as  follows:  There  are  six  points  of  support  of  the  truss  system; 
therefore,  with  two  reaction  elements  at  each  support,  there  would  be  twelve  reaction 
elements  to  determine;  but  each  shore  span  ancnorage  reaction  is  vertical  and  one  of 
the  Black  well^s  Island  truss  reactions  is  also  vertical,  thus  leaving  onlv  nine  elements  to 
be  determined.  For  this,  statics  furnishes  the  three  conditions  of  the  equilibrium  of 
forces  in  a  plane,  the  two  conditions  that  the  moment  of  all  outer  forces  on  either  side 
of  a  section  through  either  rocker  arm  about  any  i>oint  of  the  arm  is  zero,  and  the  two 
further  conditions  that  the  resultant  horizontal  component  of  all  outer  forces  on  either 
side  of  a  section  through  either  rocker  arm  is  zero.  Two  conditions  remain  to  be  fur- 
nished through  elastic  relations. 
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methods  were  applied  which  were  either  accurate,  but  very  laborious, 
or,  less  laborious,  but  only  approximate,  often  based  on  theorems  of 
flexure.  But,  not  much  more  than  twenty  or  thirty  years  ago,  it  was 
noted  that  the  ''principle  of  virtual  velocities"  could  be  applied  to 
this  end.  Briefly  stated,  this  theorem  simply  asserts  that  the  dis- 
placement of  a  point.  A,  of  an  elastic  body  in  a  given  direction, 
resulting  from  a  given  displacement  or  distortion  of  some  other  part 
of  the  body,  is  equal  to  the  work  done  at  that  other  part  of  the  body 
by  the  stresses  there  due  to  unity  force  at  ^4  in  the  direction  of  its 
displacement,  through  their  displacements.  Specifically,  if  a  bar, 
subject  only  to  direct  stress,  be  extended  by  J,  and  unity  force 
applied  at  A  in  the  direction  in  which  its  {A*s)  displacement  was 
desired  caused  a  stress,  S\  in  the  bar,  then  S^/i  is  the  displacement 
of  A  in  the  given  direction  caused  by  the  extension,  J,  The  basis  of 
this  statement  is  very  simple.  The  work  done  by  the  force  unity  at 
A,  through  its  displacement,  must  equal  the  corresponding  work 
done  by  the  stress,  8\  through  the  stretch  of  the  bar,  since  these 
are  forces  of  a  system  in  equilibrium,  and  the  only  ones  whose 
relative  displacement  is  involved.  This  means,  of  course,  that  the 
structure  must  be  such  that  the  independent  extension  of  the  bar  is 
possible;  in  a  word,  it  must  be  statically  determined  to  that  extent. 
Thus,  to  get  the  displacement  of  J  in  a  given  direction  we  have  only 
to  apply  at  A  an  imaginary  force  of  unity  in  that  direction,  determine 
the  corresponding  stresses  in  the  various  parts  of  the  (artificially) 
statically  determined  structure,  find  the  work  (positive  or  negative) 
done  by  these  through  the  actual  strains,  find  the  algebraic  sum  of 
these  work  elements,  and  the  result  will  be  the  actual  displacement 
of  the  point.  A,  in  the  given  direction,  as  a  result  of  the  given  set  of 
strains.  Analytically,  this  is  expressed  for  a  framework  in  the  well- 
known  formula,  6  =s  2  S'  J,  in  which  8'  expresses  the  stresses  in  the 
bars  due  to  unity  force  at  A  in  the  direction  of  its  required  displace- 
ment, 8,  and  J  expresses  the  actual  elongations  of  the  corresponding 
bars  from  whatever  cause,  as  stress,  temperature  change,  etc.  The 
elongations,  J,  due  to  stress  are,  for  prismatic  bars  of  perfectly 
elastic  material,  of  course, 

and  the  stresses,  8,  may  be  expressed  as  simple  linear  functions  of 
the  loads,  L,  and  the  unknown  forces  replacing  the  removed  restraints 


520  SUSPBKSION-BRIDGB  CALCULATIONS.  [Papers. 

and  stresses.  Ultimatelj,  this  evidently  results  in  the  expression  of 
each  d  (and  therefore  of  each  of  the  required  conditions),  in  terms  of  a 
simple  linear  equation  of  the  forces  known  and  unknown.  The 
solution  of  these  linear  equations,  which  are  equal  in  number  to  the 
unknown  forces,  gives  their  values.* 

Turn  again  to  the  particular  examples  to  be  considered.  Sup- 
pose, in  the  Manhattan  Bridge,  that  we  cut  an  anchor  chain  and  that 
we  made  the  horizontal  component  of  the  stress  in  the  anchor  chain, 
H,  the  unknown  force  to  be  determined.  Suppose  we  cut  the  Man- 
hattan anchor  chain  at  the  shore  end  of  the  Manhattan  shore  span. 
Let  us  find  the  analytic  condition  that  under  any  given  load  and 
the  corresponding  H,  the  separation  of  the  cut  ends  of  the  anchor 
chain  shall  be  zero.  Or,  as  a  still  better  expression,  in  this  case,  let 
us  find  the  separation  of  the  cut  ends  of  the  anchor  chain  due  to  any 
given  load,  and  the  horizontal  pull,  Hf  necessary  to  reduce  this  to 
zero.     This  H  will  then  be  the  required  value. 

First,  let  us  find  how  much  separation  of  the  cut  ends  a  horizontal 
pull  of  unity  would  overcome.  Let  S'  be  the  stresses  throughout  the 
structure  resulting  from  the  application  of  a  pair  of  equal  and  opposite 
pulls  whose  horizontal  component  is  unity,  on  the  cut  ends  of  the 
cable — ^that  is,  the  stresses  in  the  structure  due  to  unity  *<  horizontal 
component  **  (see  Fig.  1).  The  elongations  of  the  bars  under  these 
stresses  would  be, 

and  the  separation  which  would  be  overcome  by  ^  =  1,  would  be. 

What  would  be  the  separation  of  the  out  ends  of  the  anchor  chain  due 

to  a  given  load  acting  alone?    5^hat,   for  example,  would  be  the 

separation  due  to  a  load  of  unity  applied  at  the  center  of  the  center 

span?    Let  S"  be  the  stresses  throughout  the  structure  due  to  unity 

load  at  that  point.  It  must  be  remembered,  here,  that  we  are  dealing  with 

the  structure  with  an  anchor  chain  cut,  and  therefore  acting  as  three 

simple  spans.     The  S"  are  simply  the  stresses  in  the  middle  span  and 

the  towers,  due  to  load  unity  at  the  center  of  the  middle  span  acting 

*  See  Georffe  F.  Swain—''  On  the  Application  of  the  Principle  of  Virtual  Velocities  to 
the  Determination  of  the  Deflections  and  Stresses  of  Frames."  Journal  of  the  Franklin 
Institute,  Feb.,  1888. 
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as  a  simple  truss  supported  at  its  ends.  The  consequent  elongations 
of  the  bars  are, 

Ea* 
and  the  separation  of  the  cut  ends  of  the  anchor  chain  resulting  from 
these  elongations  is, 

5"  =  —  5  S*  2/''  =—  2/S'  V^, 

the  minus  sign  being  used  because  the  S'  are  due  to  unity  pull,  that 
is,  thej  are  forces  acting  contrary  to  separation.  And  since  unity 
horizontal  component  will  overcome  5  „_.  separation,  the  actual 
horizontal  component  due  to  a  load  of  unity  at  the  center  of  the  center 
span  of  the  actual  structure  (with  uncut  anchor  chains)  must  be, 

Ea 
In  the  same  way,  by  applying  a  load  of  unity  at  any  other  point, 
determining  the  consequent  stresses  and  thence  the  strains  of  the 
members  of  the  structure  (with  anchor  chain  cut),  and  so  the  con- 
sequent separation,  S,  of  the  cut  ends  of  the  anchor  chain,  we  could 
find  the  value  of  the  horizontal  component 

8 


H= 


^H=i 


necessary  to  reduce  this  separation  to  zero,  that  is,  the  real  value  of 
H  due  to  this  load  on  the  actual  structure.  Thus  we  could  find  the 
value  of  H  in  the  actual  structure  for  load  unity  at  each  load  pointy 
whence,  by  multiplication  by  any  loads,  and  summation,  the  value  of 
H  for  those  loads  would  follow.  And  since  the  actual  stress  due  to 
any  loading  will  be  the  stress  for  that  loading,  if  there  were  no 
horizontal  component  (anchor  chain  supposed  cut),  plus  the  stress 
due  to  the  actual  horizontal  component  for  that  loading,  or  analy- 
tically, 

the  problem  of  the  determination  of  the  stresses  in  the  actual  stract- 
ure  for  any  actual  loading  would  herewith  be  solved. 

In  the  Blackweirs  Island  Bridge,  suppose  we  had  cut  the  two 
''rocker  arms  "  and  made  their  stresses,  P^,  and,  Pjp  the  unknown 
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forces  to  be  determined.  The  principles  are  the  same  as  before,  but 
the  work  is  a  trifle  less  simple,  as  we  have  two  (nnknown)  yanables 
instead  of  one.  We  have  to  find  the  analytic  conditions  that,  nnder 
anj  given  load  and  the  corresponding  rocker  arm  stresses,  the  sepa- 
ration of  the  cnt  ends  of  the  rocker  arms  shall  be  zero. 

First,  let  ns  find  what  displacements  of  the  ends  of  the  cantilever 
arms  (the  cnt  ends  of  the  rocker  arms)  would  result  from  unity  pull 
at  those  ends,  in  the  sense  of  tension  in  the  rocker  arms,  but  on  the 
supposition  that  both  rocker  arms  are  cut.  We  have,  in  Fig.  2,  the 
stresses  due  to  such  pulls  of  unity  throughout  the  structure.  Let 
S*^  denote  these  stresses  in  the  left-hand  or  Manhattan  truss,  S'l^^ 
those  in  the  center  or  Blackwell's  Island  truss  for  pull  of  unity  on  the 
left  (or  Manhattan)  cantilever  end,  S*j^q  those  in  this  truss  for  pull  of 
unity  on  the  right  (or  Queens)  cantilever  end,  and  8'j^  those  in  the 
right-hand  or  Queens  truss.  The  upward  deflection  of  the  end  of 
the  cantilever  of  the  Manhattan  truss,  for  any  elongations,  J^  of  its 
bars  would  he,  d^  =*2  S*^  Jjj  and,  consequently,  for  the  elongations 


^'^-,=  ^=W-a 


due  to  unity  upward  pull  at  the  end  of  the  cantilever  arm,  this 
deflection  is, 

similarly,  the  downward  deflection  of  the  end  of  the  left  cantilever 
arm  of  the  center  span,  for  any  elongations,  J^,  of  the  center  span 
bars,  i&  d^^  =  2  S*^^^  J^;  and  so,  for  the  elongations, 

due  to  UBity  downward  pull  at  the  end  of  the  left  cantilever  arm,  the 
downward  deflection  is, 

In  the  same  way,  for  the  downward  deflection  of  the  end  of  the  right 
cantilever  arm  of  the  center  span,  we  have,  ^^^  =  2  ^'^^  -^^,  gen- 
eraUy,  and 
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for  that  due  to  imitj  down-ward  pull  at  the  end  of  the  right  cantileyer 
arm,  and  for  the  upward  deflection  of  the  end  of  the  cantilever 
of  the  QneenB  trass,  we  have,  8j^  =  2  8'^^  Jjp  generally,  and  for  unity 
upward  pull  at  the  end  of  the  cantilever  arm, 


(«ij) 


RfP, 


:-.=^- 


Sa 


Finally,  the  downward  deflection  of  the*  end  of  the  left  cantilever  arm 
of  the  center  span,  due  to  a  downward  pull  of  unity  on  the  end  of  the 
right  cantilever  of  the  center  span,  is. 


(«rc) 


LC'  P. 


,-.  =:s 


Ea 


=  (^ 


Rc)  P^  =  li 


which  is  equal  to  ihfi  deflection  of  the  end  of  the  right  cantilever  arm 
of  the  center  span,  due  to  a  pull  of  unity  on  the  end  of  the  left 
cantilever  arm. 

Now,  let  us  raise  the  question,  what  would  be  the  rocker  arm 
stresses  due  to  a  single  load,  say  of  unity;  applied  to  any  load  point 
of  the  structure  ?  Let  these  stresses  be  P^  and  P^  ,  respectively. 
Then  the  actual  9tresses  in  the  structure  may  evidently  be  built  up  of 
two  parts,  Sq^  those  due  to  the  load  alone,  considering  the  rocker 
arms  as  cut,  and  P^  S'^  in  the  left  shore  span,  P^  S'^  C^  ^e  ^'r  c 
in  the  center  span  and  Pj^  S'^^,  in  the  right  shore  span.  The  corre- 
sponding elongations  of  the  bars  are 


Ea       ^ 


^l{ 


S'lc^ 


+  ^H 


^'rc^ 


and  p   —^  . 
^R  Ea 


'Eli       ^    Ea    ^      ^    Ea 
The  consequent  separation  of  the  cut  ends  of  the  left  rocker  arm  will 
be 


o  =  s^  +  s 


LC 


-.[:s' 


Ea 


<^Lcy^ 

Ea 


] 


+  ^, 


'         Ea 


^^'/.^o^ 


Ea 


or 

7^' 


Ea 


or 
0 


according  as  the  load  is  on  the  left,  the  center  or  the  right  truss. 
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Similarly,  the  separation  of  the  cut  ends  of  the  right  rooker  arm 
will  be : 


^-^^RC+^R  =  ^L^ 


Ea 


^'■.[:^'%^'-^^] 


+   i 


0 

or 

\       Ea 
or 


^      Ea 

according  as  the  load  is  on  the  left,  the  center  or  the  right  truss.  In 
these  expressions,  the  terms  for  the  stretch  of  the  rocker  arms  must 
not  be  forgotten.  The  solution  of  these  two  simultaneous  equations 
which  are  linear  in  our  only  two  unknown  quantities,  P^y  and,  P^ 
will  give  their  values.  By  solving  these  equations,  successively,  for  a 
load  unity  at  each  load  point,  we  could  find  the  values  of  the  rocker 
arm  stresses  for  each  such  load,  and  thence,  by  summation,  for  any 
loads.  The  actual  stresses  due  to  any  loading  are  those  which  would 
exist  if  there  were  no  rocker  arms  plus  those  due  to  the  actual  rocker 
arm  stresses,  or,  analytically, 

left  truss  center  truss  right  truss 

SO  that  the  problem  for  the  actual  structure  and  for  any  loading  is 
thus  solved. 

We  may  note  that,  for  any  loading,  the  equations 

0  =  «X+«iC 


R^         Ea         ^^       Ea     "^  ^~ 


Ea     ' 

and 

+  ^r\^  Ea  ^^  Ea'  V^^  Ea  ^^  Ea  ' 
furnish  directly,  by  their  solution,  the  values  of  P^  and  P^  and 
thence  the  actual  stresses.  We  may  further  note  the  special  cases, 
first,  of  a  load  of  unity  suspended  on  the  end  of  the  left  (or  Manhattan) 
truss  cantilever  arm,  for  which  ^^  =  —  S* jj  simply,  where  we  find  by 
solution  the  rocker  arm  stresses, 
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We  have  now  seen  bow  the  calculation  of  an  indeterminate  stmct- 
nre  may  be  rednced  to  that  of  a  determinate  strnctnre,  bj  doing 
away  with  superfluous  restraints  and  cutting  superfluous  parts,  sub- 
stituting for  the  influences  thus  destroyed  corresponding  replacing 
forces;  how  these  replacing  forces  are  determined  by  expressing  the 
condition  that  the  distortions  shall  remain  as  before;  and  how  we 
may  most  easily  express  these  latter  conditions,  analytically,  by  the 
aid  of  the  principle  of  virtual  yelocities,  thus  obtaining  simultaneous 
linear  equations  in  the  unknown  replacing  forces  (equal  in  number 
to  those  forces),  whose  solution  gives  the  values  of  these  forces  and 
so  reduces  the  calculations  to  those  of  determinate  structures.  And 
we  have  followed  this  process  in  the  case  of  two  particular  structures. 
But  much  yet  remains  to  be  considered  in  the  way  of  perfecting  and 
completing  our  procedure. 

We  have,  it  is  true,  already  shown  how  we  may  obtain  an  analytic 
expression  for  the  value  of  each  of  the  replacing  forces  for  any  given 
loading,  and  we  have  given  such  expressions,  or  their  elements,  for 
the  two  bridges  whose  calculation  is  here  used  for  illustration.  But, 
for  such  calculation,  we  wish  to  be  able  to  determine  readily  these 
replacing  forces  for  any  loading,  and  the  application  of  these  formulas 
separately  to  each  loading  would  be  exceedingly  laborious,  for  even 
a  single  application  involves  much  labor.  Evidently,  anything  that 
diminishes  this  labor  will  be  highly  desirable,  and,  as  a  first  step,  we 
must  note  the  determination  of  the  values  of  the  replacing  forces  for 
a  load  of  unity  at  each  of  the  load  points.  Then  the  values  for  all 
other  loadings  follow  at  once  from  these  by  simple  multiplication  and 
summation.  This  procedure  would  reduce  the  applications  of  our 
formulas  to  as  many  loadings  as  there  are  load  points  only,  a 
great  saving,  but  still  leaving  far  too  much  work  to  be  done. 
Here,  again,  another  theorem  comes  to  our  rescue — that  of  the  recip- 
rocal nature  of  displacements,  often  called,  in  the  theory  of  structures, 
**  Maxwell's  reciprocal  theorem,"  and  known,  in  the  general  theoiy  of 
the  elasticity  of  solid  bodies,  as  **  Betti*s  reciprocal  theorem.'* 
Briefly,  Maxwell's  theorem  asserts  that  the  displacement  of  any  point, 
A,  in  any  given  direction,  A  C,  due  to  unity  force  at  B  in  any  given 
direction,  B  J),  is  equal  to  the  displacement  of  £  in  the  direction, 
B  D,  due  to  unity  force  applied  at  A  in  the  first  direction,  A  C.  The 
reason  for  this  is  exceedingly  simple.    Let  the  displacement  of  A  in 
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the  direction,  A  C,  due  to  nnity  force  at  B  be  a,  and  the  simulfcaneons 
displacement  of  B  in  the  direction,  B  i>,  of  the  force  be  b'.  The  poten- 
tial energy  of  the  body  will  be  increased  through  the  application  of 

the  force  of  unity  At  Bhj  -^  b'.     Now  let  unity  force  be  applied  at  A 

J* 

in  the  direction,  A  C,  of  the  displacement,  a,  and  let  A  suffer  the  con- 
sequent further  displacement,  a*,  in  thQ  same  direction,  and  B  the 
further  displacement,  b,  in  the  same  direction,  BDyOab',  The  potential 

energy  will  be  further  increased  hy  -^  a'  +  b,  or  the  total  increase  from 

applying  both  forces  of  unity  will  be, 

But  suppose  the  forces  of  unity  had  each  been  applied,  first  at  A  and 
then  at  ^.  A,  under  the  force  there  applied,  would  have  been  dis- 
placed by  a',  while!?  was  simultaneously  displaced  by  b,  the  potential 

energy  now  increasing  -q-  «'•      Then,   applying  the  second  force  of 

unity  at  jB,  it  would  be  displaced  by  6',  while  A  would  simultaneously 
be  displaced  by  a,  resulting  in  a  further  increase  of  the  potential 

energy  ot  -^  b'  -}-  a,  suid  the  total  increase,  from  applying  both  forces 

in  this  order,  would  be  J  ^2=  -^  ^'  +  "77  *'  -h  a.    But  since  the  or- 

der  of  application  of  the  loads  cannot  affect  the  ultimate  result, 
J  Ji!i  =  J  E2,  and  therefore  a  =  b.* 

Consider  the  practical  bearing  of  this  theorem  on  our  problem. 
We  wish  to  know  the  stress  in  a  certain  superfluous  member  or  the 
restraint  acting  on  a  certain  part  of  the  structure  due  to  forces  ap- 
plied at  any  of  certain  other  points  which  we  may  term  load  points. 
Suppose  the  member,  whose  stress  is  sought,  to  be  cut,  or  the  re- 
straint, whose  amount  is  desired,  to  be  removed  (ajl  other  superfluous 
members  or  restraints  remaining  unchanged),  and  a  pair  of  equal  and 

*  The  following  brief  proof  based  on  the  principle  of  virtual  velocitiea  is  recom- 
mended by  Prof.  Ueorge  F.  Swain,  M.  Am.  80c.  0.  E.  Let  fif'^  be  the  stresses  in  the  bars 
due  to  unity  force  at  .li  in  the  direction,  A  C,  and  8'^  the  stresses  in  the  bars  due  to 
unity  force  at  B  in  the  direction,  B  D.    The  displacement  of  B  in  the  direction.  B  D, 

due  to  unity  force  at  ^  in  the  direction,  A  C,  will  then  be,  6  =  ^  ^  B  ^  A^  ^    gut 

Ea 
the  displacement  of  A  in  the  direction,  A  C,  due  to  unity  force  at  B  in  the  direction, 

SZ>,wlllbe,a=  2  £jL£^,  whence  a  =  6. 
Ea 
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opposite  forces  of  unity  to  be  applied  at  the  cut  ends  or  in  place  of 
the  removed  restraint.  Through  the  methods  already  described,  we 
can  determine  the  consequent  stresses,  and  therefore  strains,  of  all 
members  due  to  the  pair  of  forces  of  unity.  Suppose  we  now  deter- 
mine the  consequent  displacements  of  all  the  load  points  and  also  the 
separation  of  the  ends  of  the  cut  member,  or  of  the  points  between 
which  the  removed  restraint  acted.  Evidently,  by  Maxwell's  theorem, 
the  separation  of  the  ends  of  the  cut  member  (or  of  the  points  between 
which  the  removed  restraint  acted)  due  to  unity  force  applied  at  any 
load  point,  would  be  equal  to  the  displacement  of  that  load  point  in 
the  direction  of  this  applied  force,  due  to  the  pair  of  forces  of  unity. 
And  this  quantity,  divided  by  the  separation  of  the  cut  ends  (or  of 
the  points  between  which  the  removed  restraint  acted),  due  to  the 
pair  of  forces  of  unity,  would  give  the  value  of  the  stress  or  restraining 
force  sought. 

The  problem  is  now  reduced  to  that  of  obtaining  a  displacement 
diagram  of  the  load  points  for  a  known  set  of  strains.  There  are 
many  methods  by  which  this  may  be  done,  among  others  that  of  the 
successive  application  of  the  principle  of  virtual  velocities  to  each 
load  point;  but  even  this  is  unnecessarily  long  and  laborious,  unless 
exceptional  accuracy  is  desired.  Far  simpler  and  briefer,  in  the 
case  of  frameworks,  are  certain  graphical  methods  which  have  now  to 
be  described. 

The  first  of  these  is  the  Williot  displacement  diagram.  Suppose 
that  from  any  two  points,  A  and  B  (Fig.  7),  two  bars,  A  C  and  B  C, 
extend,  meeting  in  (7.  Suppose  that  A  and  B  each  suffer  certain  dis- 
placements, and,  further,  that  A  C  and  B  C  suffer  certain  changes  in 
length,  and  that  we  have  to  find  the  resulting  displacement  of  the 
joint,  C, 

Imagine  A  C  and  B  C  freed  at  C  Let  A  A'  he  the  given  displace- 
ment of  A,  and  B  B'  that  of  B,  Conceive  A  C  moved  parallel  to 
itself  to  A'  C'^,  and,  similarly,  B  G  moved  to  B'  C'g,  Let  C'^  C^ 
be  the  change  in  length  of  A  C,  and  C'^C*'  g  that  of  B  C.  Evidently 
if  we  now  swing  A'  C^  about  A'  and  B'  C"g  about  B'  until  the  free 
ends  meet  at  C",  this  will  be  the  new  position  of  the  joint  and  C  <7" 
will  be  the  displacement  sought.  Practically  the  displacements,  A  A ' 
andB  B\  and  the  changes  in  length,  C^  C"^  and  C"^  C7"^,  will  be  ex- 
tremely small  compared  with  the  lengths,  A  C  and  B  C,  and  the  arcs 
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of  circles,  0"^  (7'"  and  C"^  C",  wiU  prac- 
tically coincide  with  the  perpendiculars  from 
0"^  and  0"^  to  the  directions  of  A  G  and 
B  Cf  respectively.  Moreover,  we  note  that 
the  only  essential  part  of  the  construction 
is  the  figure  C  (7^  0"^  C"  C"^  (7'^,  which 
is  shown  here  alone  in  Fig.  8.  This,  then,  is 
all  wo  need  draw.  And,  since  exaggeration 
does  not  affect  its  proportions,  we  may 
make  it  of  any  convenient  size.  Thus,  from 
a  point,  C,  we  lay  out  the  displacements  of  A 
and  ^  at  a  thousand  times  their  real  amount, 


Fio.  7. 


or  C  C'^  and  G  C'^. 


From  (7'^  and  C'^  we 


sc- 


Fio.  8. 


G"^  and  C"j  we 


lay  off,  in  the  directions  of  the  bars  (which 
remain  practically  unchanged)  their  changes 
in  length,  C'^  C"^  and  0'^  C"^,  respec- 
tively, also  exaggerated  a  thousand  times.  From 
draw  lines,  C'j^  G'"  and  C"^  0'",  perpendicular  in  direction  to  the 
directions  of  the  bars,  and  their  intersection,  G"\  furnishes  us  the 
displacement,  G  G*",  of  G  in  amount  (exaggerated  a  thousand  times) 
and  in  direction.  The  method  is  exceedingly  simple  and,  when  the 
intersections  are  good,  is  exact.  When  the  intersections  are  not  good, 
the  construction  itself  is  likely  to  be  bad. 

This  method,  applied  repeatedly,  enables  us  to  find  the  displace- 
ment of  all  joints  of  any  framework  which  can  be  built  up  by  adding 
successive  pairs  of  bars,  for  any  given  set  of  strains.  We  must  start 
by  assuming  a  fixed  point  and  a  fixed  direction  and  build  upon  these. 
The  various  displacements,  thus  found,  will  then  have  to  be  corrected, 
generally,  for  the  error  in  the  assumption  that  a  certain  direction  was 
fixed.  This  is  most  readily  done  by  noting  the  true  displacement  of 
some  point,  which  is  usually  obvious,  and  proportioning  the  cor- 
rections of  all  other  points  to  its  correction,  a  simple  matter,  since 
it  involves  simply  the  corrections  due  to  a  small  rotation  of  the  frame- 
work. The  displacement  of  each  joint,  due  to  the  rotation  of  the 
framework  about  any  point,  is,  in  direction,  perpendicular  to  the  line 
connecting  the  point  with  that  joint  and,  in  amount,  proportional  to 
the  length  of  this  connecting  line.  If,  therefore,  we  draw  a  figure 
similar  to  our  framework,  but  rotated  90°,  in  the  sense  of  the  correct- 
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ing  rotation,  with  one  of  its  points,  which  is  actually  fixed,  coinciding 
with  the  displacement  position  of  that  point  in  the  Williot  diagram, 
and  to  such  scale  as  shall  make  the  line  from  any  other  of  its  points 
to  the  corresponding  displacement  position  of  that  point  in  the  Williot 
diagram  correctly  represent  the  actaal  direction  of  the  displacement 
of  that  point,  then  the  points  of  this  fignre,  thus  drawn,  will  give  us, 
by  their  distances  and  directions  from  the  actually  ^ed  point,  the 


7m?r. 


rotation  displacements  of  all 
these  points.  The  distance  and 
direction  from  any  one  of  the 
joints  of  this  figure  to  the  corre- 
sponding displacement  position 
of  the  point  in  the  Williot  dia- 
gram will  give  the  actual  dis- 
^»5^  placement  in  amount  and  direc- 
tion (all,  of  course,  to  the  exag- 
gerated scale). 

For  example,  consider  the 
simple  truss  in  Fig.  10  supported 
at  1  and  on  rollers  at  3.  Suppose 
we  regard  2  as  a  fixed  point  and 
2-4  as  a  fixed  direction,  and, 
starting  from  2'",  proceed  to  the 
corresponding  Williot  displacement  diagram.  Suppose  2-4  to  have 
the  extension  2'"-4"'.  The  extension,  2"'-6"^,  of  2-5  and  compression, 
4:'"-5"^,  of  4-5  enable  us  to  find  the  corresponding  displacement  posi- 
tion, 5'",  of  5,  whence  the  extension,  2'"-l"2,  of  2-1  and  the  compres- 
sion, 5"'-l"5,  of  5-1  enable  us  to  find  the  displacement  position,  1'", 
of  1.  Lastly,  the  extension,  2'"-3"2,  of  2-3  and  the  compression,  4'''-3' V 
of  4^3  give  us  the  displacement  position,  3'",  of  3.  That  is  to  say* 
2'"-l'"  represents  the  magnitude  and  direction  of  the  motion  of  1, 
2'"-5'"  that  of  5,    2'"-4"'  that   of  4,  and   2'"-3"'  that  of  3,  all  with 


Fio.  10. 
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reference  to  2  as  a  fixed  point  and  2-4  as  fixed  in  direction.  Now  the 
actual  displacement  of  1  is  zero,  and  the  actnal  displacement  of  8  is 
in  the  direction  of  the  plane  of  its  roller  bed,  instead  of  the  direction, 
2'"-3''^  just  found.  Thus,  the  actual  displacement  of  3  must  be  found 
by  combining  its  displacement,  l'"-3'",  with  respect  to  1  on  the  sup- 
position that  2-4  is  a  fixed  direction,  with  such  a  rotational  displace- 
ment about  1  as  shall  give  the  actual  displacement  in  the  roller  bed 
direction.  This  rotational  displacement  of  3  occurs  perpendicular  to 
the  line  1-3,  therefore  we  find  the  intersection,  3',  of  thaline,  l'"-3', 
perpendicular  to  1-3  with  the  line,  3'"-3',  in  the  roller  bed  direction, 
and  3'-3'"  is  the  actual  displacement  of  3  in  amount  and  direction. 
Now  we  construct  the  figure  1'"  2'  3'  4'  5',  similar  to  the  original 
truss  figure,  12  3  4  5.  Then,  2'-2'",  3'-3'",  4'-4'"  and  5'-6'",  will  be 
the  actual  displacements  of  the  points,  2,  3,  4,  and  5,  in  amount  and 
direction  (to  the  exaggerated  scale). 

The  WilUot  displacement  diagram  thus  furnishes  an  exceedingly 
simple  and  beautiful  method  of  attaining  the  desired  end.  But, 
practically,  this  method  has  defects.  It  tends  to  sum  up  and  mul- 
tiply errors,  even  more  than  does  the  use  of  the  ordinary  Cremona 
stress  diagram.  And  if  the  elongations  of  the  members  are  laid  out 
on  a  reasonable  scale  the  displacement  diagram  as  a  whole  becomes 
excessively  large.  By  making  several  independent  diagrams,  espe- 
cially with  different  points  and  lines  assumed  as  fixed,  and  averaging 
the  results,  the  first  of  these  objections  can  be  overcome  in  part,  but 
for  greater  accuracy  another  procedure  is  often  preferable. 

In  bridges,  the  load  points  are,  as  a  rule,  either  the  top  or  bottom 
chord  joints  or  are  connected,  simply,  with  them.  All  that  is  needed  in 
such  a  case,  then,  is  the  '*  deflection  curve  "  of  the  ''load  line  "  for  unity 
value  of  the  replacing  force  under  consideration.  This  curve  permits  of 
comparatively  accurate  and  ready  deter- 
mination in  a  variety  of  ways,  but,  in  the 
case  of  frameworks,  probably  the  best  way 
is,  first,  to  determine  the  deflection  angle 
at  each  **  panel  point"  of  the  load  line, 
from  which  the  deflection  curve  readily 
follows.  To  determine  these  angles  (say  it 
is  the  angle  between  two  adjacent  chord 
members,  in  each  case),  we  have  to  deter- 
mine the  distortion  angles  of  the  triangles 
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whose  sides  are  in  part  the  members  meeting  at  the  joint.  And  these 
distortion  angles,  we  may  very  readily  determine  by  the  aid  of  Williot 
polygons,  as  follows:  Let  ABC  (Fig.  12)  be  such  a  triangle  and  the  dis- 
tortion angle  at  B  for  given  elongations  of  A  B,  B  C  sud  A  C  he 
required.  Let  A  B  increase  by  B  B';  let  A  (/increase  by  C  C"^,  and 
let  B  C  shorten  by  C'^  C'^.  Then  C"  will  be  the  resulting  position 
of  C     But  this  means  that  B  0  will  have  swung  through  the  small 


C'    C" 
angle  _j- 


We  have  then  only  to  determine,  accurately,  C"^  (7'", 

in  order  to  solve  the  problem.  Practically,  we  lay  out  C  C*'^ 
and  B  B'  =  C  C*^  from  A  on  the  triangle,  A  B  C,  io  an  exaggerated 
scale,  as  (C)  (C"^)  and  (C)  (C'j^),  Then  we  draw  (C^)  (C"^)  par- 
allel to  B  Oand  equal  to   C'^C'^  on  the  same  scale.     The  perpen- 


Fio.  14. 

dicular  to  -4  C  through  (C"^)  and  that  to  B  C  through  (C"g)  give  (C") 
and  thus  {C"^)  (C'")  which,  measured  on  the  exaggerated  scale,  is  the 
quantity  sought.  The  triangle,  A  B  G,  on  which  this  work  is  done, 
would  preferably  be  a  part  of  the  figure  of  the  truss,  carefully  and 
accurately  drawn.  Proceeding  thus,  from  triangle  to  triangle,  we 
readily  obtain  these  distortion  angles  and  thus,  by  summation  at  each 
joint,  carefully  observing  signs,  the  deflection  angles  at  each  joint.  It 
now  only  remains  to  find  the  corresponding  deflection  curve. 

The  deflection  angles  thus  being  known,  the  deflection  curve  may 
be  easily  found,  either  graphically  or  analytically.  The  former 
method  is  a  trifle  simpler  and,  generally,  is  amply  accurate.  We  pro- 
ceed as  follows :  Suppose  we  have  a  straight  horizontal  load  line,  as  is 
practically  the  case  in  most  bridges.     On  a  vertical  we  carefully  lay 
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off  successive  distances  proportional  to  the  successive  deflection 
angles,  preferably  by  adding  the  figure  values  of  the  angles  to  one 
side  and  plotting  the  sums  all  from  one  point,  to  avoid  the  accumula- 
tion of  errors.  Now,  if  lines  were  drawn  from  these  points  to  a 
point  at  a  suitable  (great)  distance,  the  angles  between  them  would  be 
the  deflection  angles.  Instead,  we  take  a  comparatively  near  point  or 
''pole,''  by  which  the  tangents  of  the  angles  are  multiplied  in  a 
corresponding  degree,  and  draw  radiating  lines  to  the  set  of  points. 
Now,  parallel  to  these  lines  from  the  pole,  we  draw,  from  panel  vertical 
to  panel  vertical  of  the  load  line,  lines  of  the  deflection  curve,  which 
is  thus  at  once  obtained  on  the  exaggerated  scale.  We  have  only  to 
note  on  this  curve  the  points  of  no  deflection,  draw  straight  lines 
through  them,  and  from  these  measure  the  deflections.  They  will  be 
the  desired  deflections  to  the  exaggerated  scale. 

Thus,  let  1,  2,  3,  4,  5,  6,  7, 8  (Fig.  U)  be  the  panel  points  of  the  load 
line,  and  let  1',  2',  3',  4',  5',  6',  7',  8'  be  proportional  to  the  deflection 
angles  at  these  points.  Let  P,  at  a  convenient  distance,  be  taken  as  a 
pole  and  by  its  aid  the  curve  (polygon),  1"  2"  3"  4"  5"  6"  7"  8",  be 
drawn  with  its  sides  (**  strings  ")  parallel  to  the  corresponding  "rayn '' 
from  P.  This  curve  will  be,  to  an  exaggerated  scale,  the  deflection 
curve  sought.  Let  the  points,  0  and  6,  of  the  load  line  be  points  of  no 
deflection ;  then  the  actual  deflections  must  be  measured  from  the  line, 
0"  6",  to  the  points  of  the  deflection  curve.  Questions  of  scale  must 
be  carefully  looked  into,  of  course,  but  this  is  a  mattei^  of  detail  for 
which  we  are  not  warranted  in  taking  space  here. 

This  completes  the  description  of  the  general  method  to  be  pur- 
sued in  the  complete  determination  of  the  replacing  forces  for  all 
load  points.  Let  us  briefly  note  what  this  work  was  in  the  cases  ol 
the  Manhattan  and  the  Blackwell*s  Island  Bridges. 

In  the  case  of  the  Manhattan  Bridge  we  had  the  value  of  but  one 
replacing  force  to  determine  for  each  load  point,  namely,  the  value  of 
the  ''horizontal  component.''  Cutting  the  anchor  chain  and  applying 
a  pair  of  tensions,  of  unity  horizontal  component,  to  the  cut  ends,  a 
set  of  stresses  (and  therefore  strains)  resulted,  which  we  have  already 
noted,  and,  consequently,  a  certain  deflection  curve  of  the  load  line. 
This  was  found  by  determining,  first,  the  distortion  angles  of  each  of 
the  triangles  which  formed  the  trusses,  resulting  from  the  strains  due 
to  unity  horizontal  component,  a  Williot  polygon  being  drawn  for 
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each  triangle.  Thence  the  deflection  angles  of  the  bottom  chords 
were  found  bj  simple  summation  of  the  distortion  angles  at  each 
joint.  Thence  the  deflection  curve  of  the  bottom  chord  -was  found, 
which  would  be  the  same,  in  this  case,  as  that  of  the  load  line.  But, 
as  the  bottom  chord  was,  in  some  parts,  neither  practically  straight, 
nor  horizontal,  it  was  necessary  that  certain  small  corrections  (equal 
in  each  panel  to  the  vertical  component  of  the  shortening  of  the 
chord  bar  in  that  panel)  be  added  to  the  deflections  which  were 
found  solely  from  the  deflection  angles  as  hitherto  described.  The 
iinal  result  was  a  load-line  deflection  curve  for  each  of  the  side  spans 
and  the  center  span,  whose  ordinates  were  strictly  proportional  to  the 
value  of  the  horizontal  component  in  the  bridge  due  to  load  of  unity 
at  those  points.  Dividing  these  ordinates  by  the  separation  of  the  cut 
ends  of  the  anchor  chain,  which  unity  horizontal  component  would 
overcome,  previously  analytically  determined,  the  actual  values  of  H 
for  load  unity  at  the  various  panel  points  were  obtained.  These  values, 
plotted,  gave  what  is  known  as  the  *' H  curve  "or  <*  influence  line" 
for  H,  which  is  shown  in  the  illustrations  for  the  influence  lines. 

In  the  case  of  the  Black welFs  Island  Bridge  the  procedure  was 
quite  similar,  but  a  trifle  less  simple,  for  there  were  two  indeter- 
minate forces  to  consider.  The  deflection  angles  and  curves  were 
determined,  as  before,  for  each  main  panel  point,  and  for  unity  pull 
at  the  end  of  each  cantilever  arm.  Now,  the  left  rocker  arm  alone 
being  supposed  cut,  and  a  pair  of  equal  and  opposite  pulls  of  unity 

applied  to  the  cut  ends,  a  certain  consequent  stress,  \^      ,  resulted  in 

the  right  rocker  arm,  and  the  actual  deflections  were  as  follows:  For 
the  Manhattan  truss,  those  due  to  unity  upward  pull  at  the  left  rocker 
arm;  for  the  Black  well's  Island  truss  those  due  to  unity  downward 

(Pr)  T> 

pull  on  the  left  rocker  arm  plus  those  due  to  \,  ^        on     the    right 

rocker  arm;  and,  finally,  for  the  Queens  truss,  those  due  to     p 

upward  pull  on  the  right  rocker  arm.  The  influence  line  ordinates 
of  the  left  rocker  arm  stress  were  proportional  to  these  ordinates, 
and  since  the  actual  values  for  load  unity  at  the  left  and  the  right 
rocker  arm  points  were  (^P^)  ^  and  (/*jg)  j^,  all  other  values  thence 
followed  at  once.     The  procedure  for  the  influence  line  for  the  right 
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rocker  arm  stress  was  entirely  similar,  but  was  here  based  on  unity 
pull  on  the  right  rocker  arm  and  -5 on  the  left  rocker  arm. 

This,  in  brief,  covers  the  work  necessary  for  the  full  determina- 
tion of  the  replacing  forces  or  the  "indeterminate  elements,"  as  they 
are  somewhat  contradictorily  called.  From  this  point  any  usual 
methods  of  calculation  become  applicable,  but  the  writer  desires  to 
insist  on  the  advantages  of  continuing  the  work  of  actual  calcula- 
tion by  the  use  of  influence  lines,  as  was  done  in  the  two  cases 
here  described.  .  There  are  also  certain  important,  although  simple, 
modifications  of  the  influence  line  method,  here  used,  which  are 
worth  a  little  further  description  and  the  serious  consideration  of  all 
who  may  ever  undertake  such  work. 

It  may  be  assumed,  of  course,  that  all  are  familiar  with  the  nature 
of  influence  lines  and  their  use,  but,  for  completeness,  we  may  here  de- 
scribe an  influence  line  as  one,  plotted  from  a  given  base  line,  which 
corresponds  to  the  load  line  of  the  structure,  with  ordinates  at  each 
point  of  this' base  line  equal  (or  proportional)  in  value  to  the  influence 
of  a  load  of  unity  at  the  corresponding  point  of  the  load  line  of  the 
structure,  on  the  part  or  member  to  which  the  influence  line  refers. 
The  <'  influence"  in  question  is  ordinarily  the  stress  at  the  part  or  in 
the  member  concerned,  but  it  might  as  well  be  a  strain  or  a  dis- 
placement. 

It  will  be  assumed  here  that  the  reader  is  familiar  with  the 
methods  of  drawing  and  checking  normal  influence  lines  of  statically 
determined  structures,  which  are  ordinarily  composed  of  not  more 
than  three  or  four  straight  lines.  We  will  therefore  consider  only 
influence  lines  for  statically  indeterminate  structures. 

The  normal  influence  line  of  a  statically  indeterminate  structure, 
often  referred  to  as  a  curve  because  it  is  made  up,  at  most,  of  straight 
lines,  from  panel  point  to  panel  point  only,  may  be  drawn  by  con- 
structing first  the  simple  influence  liae  of  the  part  concerned  for  the 
statically  determined  structure  formed  when  the  superfluous  restraints 
are  supposed  removed  and  the  superfluous  bars  cut.  To  each  ordi- 
nate of  this  line  may  then  be  added  (algebraically)  the  influences  of 
the  replacing  forces  on  the  part  concerned,  for  load  unity  at  the  point 
of  the  structure  corresponding  to  that  of  the  influence  line  for  which 
the  ordinate  is  being  determined.     For  this  purpose  we  should  first 
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prepare  an  influence  line  of  each  of  the  replacing  forces,  as  previously 
explained,  and  a  diagram  or  table  for  each  of  the  replacing  forces, 
giving  the  "influence"  of  the  replacing  force,  when  of  unity  value, 
en.  each  part  of  the  reduced  statically  determined  structure.  These 
diagrams  or  tables  would  give  the  values  of  the  stresses,  8',  previously 
mentioned,  and  so  would  already  be  at  hand.  The  figuring  of  the 
"replacing  forces  corrections"  of  the  staticaUy  determined  influence 
line  of  a  given  part,  then,  simply  involves  multiplying  the  ordinate 
of  the  influence  line  of  each  replacing  force  at  the  load  point  for 
which  we  are  determining  the  ordinate,  by  the  value  of  the  "influ- 
ence "  of  that  replacing  force  on  the  part  whose  influence  line  we  are 
constructing,  as  shown  by  the  diagram  or  table,  and  summing,  alge- 
braically, the  corrections  thus  found  for  all  the  replacing  forces. 
Nothing  further  is  essential  in  this  connection ;  but  we  may  note  an 
important  variation  on  the  ordinary  influence  line,  which  it  is  often 
pr  usually  desirable  to  introduce.  Instead  of  making  up  the  ordi- 
nates  of  the  final  influence  line  by  adding  (algebraically)  these  replac- 
ing force  corrections  to  the  ordinates  of  the  "statically  determined 
influence  line,"  we  may  lay  off  these  corrections  from  the  base  line  in 
the  opposite  sense,  so  that  the  ordinates  between  the  line  thus  ob- 
tained and  the  statically  determined  influence  line  will  have  the  final 
or  total  values.  The  correction  line  thus  becomes,  practically,  the 
zero  or  base  line. 

When  we  have  several  replacing  forces  all  influencing  a  given  part, 
this  is  about  as  far  as  we  can  go  in  simplifying  the  work  of  construct- 
ing the  influence  lines.  The  use  of  these  lines  (when  once  constructed) 
gives  at  once  the  kind  and  amount  of  the  influence  of  a  load  of  unity 
at  any  point  of  the  load  line,  and  so  permits  us  to  determine  at  once 
where  and  how  to  place  the  loads  for  influence  of  a  given  sign  (in  par- 
ticular, what  loading  to  use  for  maxima  and  minima),  and,  then,  to 
determine,  by  simple  multiplication  of  each  load  into  its  correspond- 
ing influence  line  ordinate,  and,  by  algebraic  summation  of  the 
products,  the  consequent  total  influence.  But  in  many,  if  liot  most 
oases,  we  have  only  one  replacing  force  and,  therefore,  only  one 
replacing  force  correction  concerned  with  the  part  in  question.  Here 
a  more  brief  and  simple  procedure  becomes  applicable,  which  may 
be  called  the  method  of  distorted  influence  lines.  If,  under  these 
circumstances,  we  proceeded  in  the  ordinary  manner,  but  plotted  the 
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replacing  force  correction  line  as  a  zero  or  base  line,  as  already  de- 
scribed, this  correction  line  would  differ  from  the  influence  line  of  the 
replacing  force  only  in  having  its  ordinates  different  in  a  fixed  pro- 
portion, that  of  the  **  influence  '*  of  unity  value  of  the  replacing  force, 
on  the  part  in  question,  or  the  influence  coefficient.  Instead,  then, 
of  calculating  the  ordinates  of  and  plotting  the  replacing  force  cor- 
rection line,  we  may  more  easily  reduce  the  statically  determined 
influence  line  by  dividing  its  ordinates  by  the  influence  coefficient 
and  plotting  it  in  connection  with  the  replacing  force  influence 
line.  Then  it  combines  with  that  influence  line  exactly  as  the  nor> 
mal  statically  determined  influence  line  and  the  replacing  force  cor- 
rection  line  would  combine  to  give  the  true  influence  ordinates, 
except  that  the  ordinates  here  are  all  reduced  by  division  by  the 
influence  coefficient.  But  points  of  zero  influence  are  given  pre- 
cisely as  before,  and  the  use  of  the  distorted  influence  line  is  pre- 
cisely the  same  and  yields  precisely  the  same  results  as  does  the  use 
of  the  normal  line,  except  that  all  ordinates  and,  therefore,  all  areas 
must  be  multiplied  by  the  influence  coefficient  to  give  the  true 
results. 

But  what  is  the  advantage  of  this  procedure?  First,  if  there  were 
but  the  single  part  we  are  considering,  to  which  to  apply  the  method 
(since  we  already  have  the  influence  line  of  the  replacing  force,  and 
the  statically  determined  influence  line  of  our  part  is  comparatively 
very  simple),  it  is  much  easier  to  reduce  the  statically  determined 
influence  line  of  our  part  to,  and  combine  it  with,  the  replacing  force 
influence  line  than  to  follow  the  reverse  procedure.  But,  generally, 
the  part  is  but  one  of  many,  all  requiring  similar  treatment,  and,  since 
all  of  them  can  have  their  distorted  statically  determined  influence 
lines  plotted  in  combination  with  the  one  replacing  force  influence 
line,  the  advantage  rapidly  increases  in  proportion  to  the  number  of 
parts  calling  for  treatment.  And  the  saving  of  time  and  labor  shows, 
not  alone  in  plotting  the  influence  lines,  but  even  more  in  their  sub- 
sequent use,  in  the  determination  of  areas.  The  saving  in  the  cases 
of  the  Manhattan  and  the  BlackwelPs  Island  Bridges  from  the  use 
of  distorted,  instead  of  normal,  influence  lines  was  enormous.  And 
the  complication  thus  introduced  was  insignificant. 

Consider  our  two  illustrations.  In  the  case  of  the  Manhattan 
Bridge  the  replacing  force  was  the  stress  in  the  cut  anchor  chain,  or» 
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rather,  its  horizontal  component.  The  inflnence  line  for  this  (or  the 
H  cnrre  as  it  is  called)  was  determined  once  for  all  and  plotted  but 
fonr  times— on  the  sheet  of  top  chord  influence  lines,  on  that  of  bottom 
chords,  on  that  of  verticals,  and,  finally,  on  that  of  diagonals.  Then 
the  distorted  statically  determined  influence  lines  were  drawn.  Those 
for  the  bottom  chords  were  exceedingly  simple  and  regular.  Those 
for  the  other  members  presented  no  real  difficulties.  The  appearance 
of  the  four  resulting  sheets  of  influence  lines  can  be  seen  from  Figs. 
3,  4,  5  and  6.  One  other  feature  of  this  case  may  be  noted.  The 
H  line  for  a  three-hinged  design,  with  center  hinge  at  the  top 
chord,  was  also  drawn,  making  all  influence  lines,  with  respect  to  it, 
influence  lines  for  a  three-hinged  design.  All  the  distorted  statically 
determined  influence  lines  were  tested,  first  by  the  usual  tests,  on  the 
supposition  of  three  simple  spans.  They  were  then  tested  in  connec- 
tion with  the  J71ine  for  the  three-hinged  design.  Finally,  all  calcula- 
tions were  made  first  for  the  three-hinged  design,  and  the  final  correc- 
tions were  those  for  the  center  bottom  chord  stress  as  a  replacing 
force,  instead  of  the  anchor-chain  horizontal  component.  This  made 
the  indeterminate  corrections  much  smaller,  and  therefore  easier  to 
determine  for  the  same  degree  of  accuracy.  It  also  furnished  a 
set  of  maxima  and  minima  stresses  for  the  three-hinged  design,  as  well 
as  for  the  two-hinged  design,  the  comparison  of  which  may  be  made 
from  the  stress  sheets  for  loading  of  1  000  lb.  per  ft.  given  in  Figs. 
9  and  11. 

In  the  case  of  the  BlackwelPs  Island  Bridge  the  replacing  forces 
were  the  stresses  in  the  so-called  •*  rocker  arms. "  Except  for  members 
of  the  center  span  of  the  BlackwelPs  Island  truss,  the  stresses  in  the 
members  were  made  up  of  a  statically  determined  component  and  but 
one  rocker  arm  correction.  The  entire  Manhattan  truss  and  the  Man- 
hattan cantilever  of  the  Blackwell's  Island  truss  involved  only  the 
left  rocker  arm  stress  correction.  The  influence  line  for  the  left 
rocker  arm  (indicated  by  a  dash  and  one  dot)  having  been  found,  all 
statically  determined  influence  lines  of  these  portions  were  distorted 
to  combine  with  this  rocker  arm  influence  line,  and  the  results  are 
seen  (some  details  excepted)  in  the  left-hand  x>ortions  of  the  distorted 
influence  line  sheets  (Figs.  13,  15  and  16).  The  right-hand  portions 
show  the  corresponding  distorted  influence  lines  for  the  Queens 
truss  and  the  Queens    cantilever  of  the  Blackwell's  Island    truss. 
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based  upon  the  right  rocker  arm  stress  (whose  influence  line  is 
indicated  by  a  dash  and  two  dots).  The  distorted  influence  line  of 
F|9  is  enlarged  and  shown  separately  in  Fig.  17.  The  center  span 
of  the  BlackwelPs  Island  truss,  involving  a  correction  to  the  statically 
determined  component  from  each  rocker  ai*m,  requires  a  special 
rocker  arm  correction  curve  to  be  calculated  for  each  member,  to  give 
the  true  influence  for  each  load  point.  But  this  was  not  actually 
necessary  in  the  calculations.  Normal  influence  lines  were  used  here 
(see  Figs.  18  and  19). 

This  completes,  in  brief  form,  the  description  of  the  essential 
features  of  the  methods  used  in  making  the  check  stress  calcula- 
tions. Much  has  been  omitted  which  would  have  been  pertinent  and 
interesting  were  this  a  description  of  the  actual  work,  instead  of  the 
methods,  simply, — as,  for  instance,  the  treatment  of  certain  special 
cases,  many  labor-saving  devices,  the  nature  of  the  checks  introduced 
to  guard  against  error  and  verify  the  conclusions,  and,  finally,  the 
numerical  values  themselves  and  all  that  might  result  from  their  dis- 
cussion. But  all  this  would  have  exceeded  the  original  scope  of  this 
paper  and  only  distracted  attention  from  its  ends.  Beyond  mention- 
ing that  all  the  results  were  checked  by  the  writer  by  independent 
methods  and  calculations  which  gave  exceedingly  close  agreements, 
the  writer  considers  it  desirable  to  reserve  all  such  matter  for  some 
future  occasion. 
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That  a  suspension  bridge  can  be  made  as  rigid  as  any  form  of  metal 
bridge,  be  it  aroh,  cantilever,  or  truss,  is  now  no  longer  disputed,  and 
tbe  old  prejudice  against  its  supposed  unfitness  for  concentrated  loads 
may  be  said  to  have  died  out. 

All  the  older  suspension  bridges  are  limber  and  undulating  struct- 
ures, without  adequate  provision  against  deformation  under  moving 
loads.  The  belief  became  general  that  they  could  not  be  made  as 
rigid  as  other  bridge  systems,  and  hence  they  acquired  a  bad  reputa- 
tion for  railroad  purposes. 

Therefore,  when  the  writer,  more  than  sixteen  years  ago,  proposed 
a  stiffened  suspension  bridge,  of  3  100  ft.  span,  over  the  North  Biver, 
for  fast  railroad  trains,  the  proposition  was  received  with  much  doubt 
and  criticism.  This,  however,  had  the  good  effect  of  inducing  discus- 
sion and  investigation,  and  of  gradually  clearing  away  much  of  the  fog 
which  surrounded  the  theory  of  rigidity. 

Bankine  was  the  first  mathematician  (in  1869)  to  publish  a  rational 
theory  for  the  adequate  dimensioning  of  stiffening  trusses.     His  formu- 
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subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers,  with  discussiop 


554  STIFFByED   SUSPENSION   BBIDQE.  [Papers. 

las  were  at  first  believed  to  give  too  heavy  trusses,  as  compared  with 
the  makeshifts  in  vogue,  and  for  that  reason  they  were  rarely  used. 
For  instance,  they  were  not  used  in  the  plans  for  the  Brooklyn  Bridge. 

Theoretical  refinement  has  led  to  somewhat  lighter  stiffening 
trusses  than  were  required  originally  by  his  theory,  which  had  ignored 
that  portion  of  the  live  load  absorbed  by  the  deformation  of  the  cable. 
The  saving  in  weight  is  not  great  enough,  however,  to  justify  the 
belief  that  a  properly  designed  suspension  bridge  of  that  kind  repre- 
sents a  striking  economy  over  the  cantilever,  arch  and  truss,  except 
for  very  long  spans  (say  of  2  000  ft.  and  more),  when  the  dead  load  of 
the  structure  is  several  times  greater  than  the  live  load. 

The  term  **  properly  designed  "  is  used  advisedly,  for  in  no  other 
bridge  system  is  it  possible  to  use  such  attenuated  dimensions,  to  have 
so  much  deflection  up  and  down,  and  to  commit  such  errors  of  design, 
as  in  the  suspension  system,  without  inviting  instant  collapse  of  the 
structure. 

As  an  illustration  in  point,  compare  the  cantilever  bridge  over  the 
Forth  in  Scotland,  having  two  main  spans,  each  of  1  700  ft  ,  with  the 
Brooklyn  Suspension  Bridge,  having  one  main  span  of  1  600  ft.  If 
one  of  the  main  spans  of  the  Forth  Bridge  were  loaded  on  both  tracks 
with  locomotives  and  the  other  spans  were  not  loaded,  the  stracture 
would  still  be  perfectly  safe.  If  the  main  span  of  the  Brooklyn  Sus- 
pension Bridge  were  loaded  on  its  four  tracks  with  the  full  cars  in 
daily  use,  close  together,  and  the  side  spans  were  not  loaded,  then  the 
cables,  otherwise  strong  enough,  would  sag  so  much  that  they  would 
wreck  the  stiffening  trusses,  if  not  the  entire  structure. 

Another  prejudice,  originating  with  weak  and  inadequately  stiffened 
suspension  bridges,  is  the  rule  prohibiting  marching  in  step,  on  the 
ground  that  the  rhythmical  cumulative  vibrations  might  eventually 
break  down  the  structure,  whether  weak  or  strong.  The  fabled  fiddler 
would  have  to  be  longer  lived  than  iron  and  steel  efficiently  protected 
against  corrosion,  before  he  wonld  succeed  with  a  modem  railroad 
bridge,  or  equally  well  designed  highway  bridge. 

A  suspension  structure,  to  be  comparable  with  other  bridge  sys- 
tems, therefore,  must  be  dimensioned  on  the  same  conditions  of 
strength  and  stability.  When  that  is  done,  its  vaunted  economy  van- 
ishes, except  for  very  long  spans,  as  before  mentioned. 

The  only  recommendation  of  stiffening  trusses  is  that  of  a  con- 
venient construction  independent  of  the  cable,  which  can  be  made 
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more  or  less  efficient  or  costly  as  may  suit  the  fancy  of  the  designer, 
or  the  financial  resources  of  the  owners,  frequently  on  the  principle 
that  '^  half  a  loaf  is  better  than  no  bread. " 

From  a  scientific  point  of  view,  the  stiffening  truss  is  a  crude 
device,  as  compared  with  other  modes  of  stiffening,  which  do  not 
permit  of  the  same  laxity  in  dimensioning. 

This  appears  most  strikingly  if  that  method  of  stiffening  be  applied 
to  an  erect  arch.  Small  arches  of  that  kind,  in  combination  with 
trusses,  had  been  built  of  wood  and  cast  iron  many  years  ago,  when 
the  art  of  bridge  designing  was  yet  in  its  infancy.  But  no  one  would 
think  of  applying  that  system  to  erect  arches  at  this  day,  because 
better  and  more  effective  systems  of  arch  bracing  have  been  worked 
out  since.  As  every  suspension  bridge  is  theoretically  an  inverted 
arch  bridge,  so,  analogically,  all  the  different  systems  of  bracing  in 
erect  arches  are  applicable  to  suspended  arches,  and  any  system  of 
bracing  considered  poor  and  inefficient  in  an  erect  arch  is  so,  also, 
when  used  in  a  suspended  arch.  The  principal  difference  is  that  the 
erect  arch  is  in  unstable  equilibrium  and  therefore  requires  strong 
lateral  cross-bracing,  to  keep  it  in  position,  while  in  the  susi)ended 
arch,  little  or  no  such  bracing  is  required.  The  center  line  of  gravity 
in  the  suspended  arch  is  far  below  the  points  of  support  on  the  towers, 
and  the  structure  is  in  stable  equilibrium.  To  that  condition  many 
badly  designed  suspension  bridges  owe  their  life;  it  covers  a  multi- 
tude of  sins  against  good  engineering. 

The  merit  and  serviceableness  of  a  bridge  structure,  other  things 
being  equal,  can  be  gauged  by  no  other  criterion  so  reliably  as  by  the 
degree  of  its  rigidity.  The  theory  of  cumulative  vibration  might  find 
other  fruitful  fields  of  application.  It  has  none  in  a  bridge,  dimen- 
sioned to  present  standards  of  safety.  Absence  of  sufficient  rigidity 
marks  the  inferior  bridge.  This,  for  instance,  is  one  of  the  reasons 
why,  for  smaller  spans,  stone  bridges,  where  practicable,  will  always 
be  preferred  to  metal  bridges,  in  spite  of  their  greater  cost.  High 
metal  trusses,  the  American  practice,  are  preferred  to  low  trusses,  the 
English  practice.  Not  only  are  such  trusses  stiffer,  but  also  cheaper, 
a  point  which  fouml  its  confirmation  among  othera  in  the  competition 
for  the  Atbara  Bridge. 

The  same  couBiderations  apply  to  arches,  erect  and  suspended. 
The  points  of  largest  disturbance  are  at  the  quarters  of  the  main  span. 
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and  at  the  middle  of  the  end  spans.  At  those  points  the  maxixnnm 
bending  moments  from  live  load  are  greatest.  The  height  of  the 
stiffening  frame  at  those  points  determines  the  rigidity  of  the  arch, 
similarly  as  does  in  an  ordinary  truss  its  height  at  the  middle. 

Therefore,  a  form  of  stiffening  frame  having  its  greatest  height  at 
the  quarters  in  the  main  span,  and  at  the  center  of  the  side  spans,  will 
offer  greater  rigidity  and  also  greater  economy  than  any  other;  and, 
when  attached  directly  to  the  arch,  there  will  be  the  further  economy 
of  the  saying  of  an  entire  chord. 

Let  us  now  bear  in  mind  the  familiar  fact,  that  when  the  height  of 
the  bracing  at  points  of  greatest  flexure  attached  to  the  cable  (or 
arch)  is  equal  to  or  greater  than  one-quarter  of  the  sag  of  the  cable, 
no  additional  material  will  be  required  for  the  cable  sections  for  the 
bsuding  strains  from  a  one-sided  live  load. 

We  have  then  a  combination  of  frame  and  arch  or  cable,  resulting 
(similarly  as  in  a  truss)  at  once  in  great  stiffness  and  great  economy, 
which  is  an  evidence  of  good  design. 

The  suspension  structures  shown  in  Fig.  1  belong  to  that  class, 
embodying  the  above-named  features.  The  bottom  chord  is  farthest 
from  the  cable  at  the  quarters  of  the  middle  span  and  at  the  center  of 
the  side  spans,  and  it  coincides  with  the  line  of  the  floor  for  the 
middle  half  of  the  main  span  and  for  one-half  of  the  side  spans,  where 
it  can  be  utilized  also  for  the  wind  trusses. 

In  the  end  spans  we  have  to  meet  the  important  fact  that,  if  they 
be  half  the  length  of  the  main  span,  the  sections  of  the  stiffening 
frame  for  the  same  height  will  be  twice  as  heavy  as  that  for  the 
middle  span.  Therefore,  it  will  be  advisable  to  make  the  height  at  the 
middle  of  the  end  span  greater,  if  possible,  than  at  the  quarter  of  the 
middle  span,  or  to  shorten  the  end  spans. 

With  none  of  the  known  systems  of  arch  or  cable  bracing  is  such 
great  height  readily  obtainable  between  the  chords  at  points  of  great- 
est flexure  without  incurring  waste  of  material  at  other  points. 

This  system  may  be  designed  with  or  without  a  hinge  at  the  center 
of  the  main  span. 

In  the  first  case  the  stresses  will  be  statically  determinate.  For 
this  one  advantage,  however,  there  would  be  the  great  disadvantage 
of  making  the  lower  chord  useless  for  a  wind  truss  just  at  the  point 
of  largest  bending  strains  from  wind  pressure. 
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The  middle  hinge  has  no  decided  advantage  as  regards  temperature- 
stresses.  The  writer  has  shown  before,*  that  in  stiffening  tinsses  th& 
middle  hinge  does  not  eliminate  temperature  effects,  bnt  that  thej 
are  merely  shifted. 

The  total  amount  of  extra  material  for  temperature  stresses,  in 
stiffening  frames  with  parallel  chords,  is  nearly  the  same  in  both  cases.. 
It  is  merely  distributed  differently.  A  similar  rule  holds  good  with 
other  forms  of  stiffening,  modified,  however,  in  each  case  by  the  form 
of  the  frame.  In  order  to  keep  the  temperature  stresses  down,  when 
there  is  no  middle  hinge,  the  frame  should  be  made  as  low  as  possible 
along  the  middle  third  of  the  center  span. 

In  Fig.  1,  the  upper  figure  represents  the  form  proposed  by  the 
writer  for  the  bridge  over  the  St.  Lawrence  Kiver  at  Quebec. 

At  the  center  of  the  middle  span,  the  stiffening  is  40  ft.  high,  or 
one- forty- fifth  of  the  span  (1  800  ft.).  At  the  quarters,  the  stiffening 
frame  is  110  ft.  high,  which  is  nearly  one-sixteenth  of  the  span,  or 
six-tenths  of  the  sag  or  deflection  of  the  cable.  A  stiffening  truss 
with  parallel  chords  of  equivalent  rigidity  under  partial  loads  would 
require  to  be  more  than  100  ft.  high,  and  its  upper  chord  is  shown  by 
a  dotted  line. 

That  economy  of  material  is  not  synonymous  with  economy  of 
cost,  found  a  new  illustration  in  the  competition  for  the  Quebec 
Bridge.  On  the  basis  of  the  same  specifications  and  unit  stresses,  the 
writer's  suspension  bridge  was  lighter  in  weight  of  metal,  and  in  the 
amount  of  masonry  no  greater,  than  any  of  the  competitive  designs. 
But,  nevertheless,  the  high  prices  for  wire  work  made  it  more  expen- 
sive than  the  cantilever  design,  which  was  adopted  and  is  now  in 
process  of  construction. 

At  the  writer's  request.  Professor  Melan  afterward  made  an  inde- 
pendent calculation  of  the  stresses,  sections  and  defiections,  with  the 
result  that  no  changes  were  required  in  the  sections,  as  shown  on  the 
strain  sheet,  Plate  XXXII. 

It  should  be  remarked  that  in  this  system  it  is  preferable  that  the 

cable  assume  its  proper  equilibrium  curve  under  full  dead  load,  and 

that  the  diagonals,  which  are  without  strain  at  a  middle  temperature, 

be  made  adjustable  in  length.     The  diagonals  are  strained  only  from 

live  load  and  from  temperature  changes. 

*Engineering  Netca^  March  10th,  1888;    Appendix  D  of  the  Report  of  Engineer 
era,  published  in  Enjineering  New8,  November  S8d,  1894. 
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If  a  settlement  should  take  place  in  the  foundation  of  the  towers, 
any  irregularity  resulting  therefrom,  in  the  stresses  of  the  stiffening 
frames,  is  readily  corrected  by  a  readjustment  of  the  diagonals. 

The  pivotal  form  of  tower  simplifies  greatly  the  details  of  cable 
bearings,  avoids  eccentric  pressure,  and  facilitates  the  erection  of 
cables.  These  great  advantages  have  been  recognized  also  in  the 
recent  designs  for  suspension  bridges  abroad;  thus,  the  towers  of  the 
new  Buda  Pest  Chain  Bridge  and  of  the  proposed  suspension  structure 
over  the  Rhine  at  Cologne  are  both  pivoted  at  the  bottom. 

The  lower  design  on  Fig.  1  represents  the  form  of  the  Manhattan 
Bridge  of  New  York  on  the  same  scale  as  that  of  the  Quebec  Bridge. 
At  the  center  of  the  middle  span,  the  stiffening  frame  is  22.15  ft.  high, 
or  one-sixty-sixth  of  the  span  (1  470  ft.).  At  the  quarters,  the  height 
is  58  ft.,  which  is  about  one-twenty -fifth  of  the  span,  and  more  than 
one-third  of  the  sag  or  deflection  of  the  chains  in  the  main  span. 

A  stiffening  truss  with  parallel  chords  of  equivalent  rigidity  under 
partial  loads  would  be  more  than  55  ft.  high,  as  shown  by  the  dotted 
line.  The  trusses  in  the  Williamsburg  Bridge,  1  600  ft.  span,  are  only 
40  ft.  high,  equal  to  one-fortieth  of  the  span. 

The  unsightliness  of  high  stiffening  trusses  is  not  the  only  objec- 
tion. Their  greater  weight  and  greater  cost,  and  the  greater  tempera- 
ture stresses  in  them,  require  no  special  proof.  Strain  sheets  based 
on  the  same  conditions  are  more  reliable  than  general  formulas. 

In  this  paper  the  writer  proposes  to  give  merely  the  salient  features 
of  a  type  in  the  evolution  of  the  rigid  suspension  bridge.  That  it  is 
readily  adapted  to  very  satisfactory  architectural  treatment  may  be 
observed  from  the  perspective  view  of  the  Manhattan  Bridge.  The 
two  tower  piers  are  completed. 

For  a  better  understanding  of  the  plans  of  this  bridge,  it  may 
suffice  to  state,  briefly,  that  the  main  span  and  the  two  symmetrical 
side  spans  are  1  470  and  725  ft.  long,  respectively,  and  are  supported 
from  two  steel  towers  resting  on  comparatively  low  masonry  piers  and 
rising  to  a  height  of  400  ft.  above  high  water. 

The  superstructure  of  the  main  spans  is  suspended  from  four  lines 
of  eye-bar  chains  with  fixed  connections  at  the  tops  of  the  towers  and 
at  the  shore  anchorages.  The  eye-bars  are  of  nickel-steel,  which  is 
50^  stronger  than  ordinary  structural  steel. 

The  advantages  of  pin  connections  with  the  bracing  and  suspend- 
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ers,  and  of  manufactaring  and  erecting  the  superstmctnre  as  a  con- 
nected whole  are  too  obvions  for  extended  description. 

The  main  chains  lie  in  vertical  planes,  20  and  48  ft.  from  the  axis 
of  the  bridge,  and,  at  the  shore  ends,  deflect  from  vertical  steel  posts 
into  the  heavy  anchorage  masonry. 

The  platform  for  the  lower  deck  rests  on  plate-girder  floor  beams 
supported  from  the  suspension  chains.  These  floor  beams  are  hinged 
at  the  interior  chains,  so  that  the  loading  of  one  side  of  the  bridge 
will  not  affect  the  chains  on  the  other  side,  and  all  ambiguity  in  the 
distribution  of  load  is  thereby  prevented. 

Each  tower  consists  of  a  single  transverse  bent  of  four  massive 
columns  on  the  center  lines  of  the  chains.  The  four  columns  are  ver- 
tical, and  are  thoroughly  united  by  heavy  transverse  girders  and  by 
rigid  cross-bracing. 

The  posts  taper  up  and  down  from  the  roadway  level  in  the  plane 
of  the  chains.  The  lower  end  of  each  post  has  a  pin  bearing  on  a 
cast-steel  shoe,  which  widens  out  to  a  broad  base  to  distribute  the 
pressure  on  the  masonry. 

The  tower  columns  can  be  erected  without  staging,  in  the  same 
manner  as  high  chimneys  are  built. 

During  erection,  wedges  are  inserted  at  the  bottom  of  the  tower 
columns,  on  a  line  with  the  pin  bearings,  as  shown  on  the  drawing. 
By  means  of  these  wedges,  the  verticality  of  the  posts  during  erection 
can  be  readily  secured.  The  wedge  details  are  proportioned  to  resist 
a  high  wind  pressure  upon  the  tower  columns 'during  erection;  after 
erection  the  wedges  are  removed. 

Each  anchorage  is  provided  with  a  large  transverse  arch  to  allow 
street  traffic  through  it.  The  interior  cavities  in  the  upper  part  of 
each  anchorage  are  utilized  for  large  auditorium  halls,  comfort 
stations  and  shelter  rooms,  to  be  accessible  by  elevators  and  stairways. 

Like  the  tower  piers,  the  anchorages  are  to  be  of  concrete  with 
ashlar  facing,  and  will  have  heavy  qomices  and  mouldings. 

The  aim  has  been  to  combine  in  the  design  of  both  superstructure 
and  substructure  simplicity  of  construction  with  architectural  beauty 
of  outline  and  details.  The  structure  will  be  fire-proof  throughout. 
The  roadways  will  have  solid  buckle-plate  floors.  The  design  was  not 
treated  as  for  a  mere  utility  structure,  to  be  handed  over  to  some  dec- 
orator for  adding  the  usual  senseless  ornaments,  but  as  a  truly  artistic 
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work  of  the  engineer,  working  together  with  the  architect  in  the  study 
of  form  and  expression  of  purpose. 

The  rigidity  of  the  structure  obtainable  with  this  simple  method 
of  stiffening  is  most  remarkable,  as  may  be  judged  from  the  computed 
deflection  of  22  in.  (one-eight  hundredth),  at  the  center  of  the  middle 
span,  when  this  is  fully  loaded  with  4  000  lb.  emergency  live  load  per 
lin.  ft.  of  each  chain,  and  both  side  spans  unloaded. 

The  plans  for  this  bridge  have  been  passed  upon  by  a  board  of 
bridge  engineers  appointed  by  ex-Mayor  Liow,  and,  from  an  aesthetic 
point  of  Tiew,  they  have  also  been  approved  by  the  Municipal  Art 
Commission  of  New  York  City. 
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The  scarcity  of  published  iD  formation  on  f  ally- worked -out,  prac- 
tical applications  of  the  theory  of  suspension  bridges  to  long-span 
structures  is  well  known  to  engineers.  The  writer  hopes  that  the 
present  paper  will  furnish  some  of  the  desired  information,  and  will 
help  to  fill  part  of  the  gap  in  engineering  literature,  as  far  as  it  applies 
to  bridges  of  the  type  described. 

When,  in  the  course  of  the  writer's  professional  duties,  the  compu- 
tation of  a  three-span  suspension  bridge  with  braced  cables  came  up, 
he  could  not  find,  in  engineering  literature,  the  theory  of  this  type 
developed  in  any  way.  All  there  was  on  hand  for  the  problem  con- 
sisted of  the  general  principles  of  the  elastic  theory.  The  deduction 
of  the  required  equations  was  made  still  more  troublesome  by  the 
fact  that  the  outlines  of  the  stifieniug  trusses,  as  shown  in  Fig.  1,  do 

NoTR.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  In  a 
subsequent  number  ot  Broceedings,  and,  when  finally  closed,  the  papers,  with  discussion 
in  full,  will  be  published  in  Transactions. 
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not  follow  continuous  curves  convenient  for 
integrations,  and  summations  had  to  be  used 
instead. 

It  is  the  writer's  hope  that  the  theory 
and  formulas  deduced  in  thifi  paper  are  pre- 
sented with  sufficient  clearness  to  enable  the 
reader  to  follow  their  development  without 
having  to  resort  to  mathematical  textbooks. 

These  formulas  were  applied  to  the  com- 
putation of  a  first-class  city  bridge,  of  long 
span,  and  of  a  capacity  for  city  traffic  greater 
than  that  of  any  already  constructed  for  the 
same  city.  While  the  design  of  bridges  of 
this  type  presents  many  interesting  features, 
the  writer  does  not  believe  the  present  time 
to  be  ripe  for  discussion,  and  will  not  treat  of 
the  merits  and  demerits  of  the  bridge  in 
general.  Therefore,  the  theory  alone  will 
be  presented,  and  only  as  many  of  the  re- 
sults as  may  be  of  general  interest  and  may 
help  to  illuminate  the  subject. 

In  considering  the  design  of  a  long-span 
suspension  bridge,  it  is  well  to  remember 
the  main  features  by  which  it  differs  from 
bridges  of  other  types.  The  suspension 
bridge,  together  with  its  antipode,  the  arch, 
produces  on  its  abutments  reactions  the 
lines  of  action  of  which,  unlike  those  in 
common  beam  and  truss  bridges,  are  not 
vertical,  but,  generally,  more  or  less  inclined 
to  the  horizontal.  This,  as  is  well  known,  is 
the  distinctive  characteristic  of  arch  and  sus- 
pension bridges,  and  it  determines  their  de- 
sign, construction,  and  behavior  under  load, 
and  under  the  action  of  other  causes.  In 
fact,  the  existence  of  the  horizontal  com- 
ponents of  the  reactions  is  the  great  reason 
for  the  use  of  these  bridges.    While  the  com- 
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mon  beam  and  truss  are  in  a  sense  self-contained,  and  their  reac- 
tions on  the  abutments  are  independent  of  the  geometric  form  of  the 
truss,  the  material  of  which  they  are  made  and  its  elastic  behavior, 
arch  and  suspension  bridges  are  not  self-contained,  and  their  reac- 
tions are  dependent  on  all  these  conditions.  To  make  them  self- 
contained,  an  additional  member  would  be  required,  which  would 
act  as  a  tie  between  the  supports,  in  the  case  of  the  arch,  and  as  a 
strut,  in  the  case  of  the  suspension  bridge.  As  it  is,  the  rigidity 
of  the  earth  supplies  the  required  connection.  The  great  importance 
of  a  slip  in  the  abutments  can  readily  be  seen:  It  is  equivalent  to  an 
undue  change  in  length  of  the  imaginary  connecting  member. 

This  imaginary  connecting  member  would  take  up  the  horizontal 
components  of  the  reactions;  and  the  vertical  components,  only, 
would  be  transmitted  to  the  abutments.  The  so- formed  truss  could 
then  be  computed  practically  as  a  simple  beam.  Actually,  the  func- 
tion of  this  imaginary  member  is  performed  by  the  horizontal  compo- 
nent of  the  reaction  supplied  by  the  abutments  or  anchorages. 

As  long  as  vertical  forces,  only,  are  acting  on  an  upright  or  inverted 
polygon,  it  is  evident,  from  the  first  principles  of  statics,  that  the 
horizontal  component  of  the  stress  in  the  polygon  will  be  constant, 
from  point  to  point  throughout  the  span,  for  the  given  system  of 
forces.  Naturally,  the  horizontal  components  of  the  reactions  will 
then  be  equal  to  each  other  and  to  the  constant  component  of  the 
stress.  This  is  a  well-known  property  of  the  arch,  and  is  common  to 
all  its  possible  geometric  figures.  It  forms  the  very  foundation  of  all 
rational  arch  theories.  When  confused  by  mathematical  symbols  and 
unknown  variables,  it  is  the  constancy  of  the  horizontal  component 
which  guides  the  engineer  to  a  knowledge  of  moments  and  shears. 

This  is  true  for  arches  as  well  as  suspension  bridges,  and,  in  so  far, 
the  theory  of  the  arch  applies  also  to  its  inverted  form.  In  fact,  the 
theory  of  these  structures  is  practically  the  same,  and  to  understand 
one  means  to  know  the  other.  But  the  computations  based  on  their 
theory  vary  considerably  because  of  considerations  of  an  engineering 
and  practical  character. 

The  upright  arch  has  its  supports  below  its  center  of  gravity,  and, 
therefore,  is  in  unstable  equilibrium.  The  suspension  bridge,  on  the 
contrary,  has  its  supports  above  the  center  of  gravity,  and  is  in  stable 
equilibrium. 
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If,  on  an  npright  arch  of  a  given  span  and  rise,  a  given  system  of 
loads  is  acting,  and  if  the  arch  is  assumed  to  consist  of  a  nnmber  of 
members  connected  by  frictionless  hinges,  there  is  only  one  geomet- 
rical polygon  which  will  correspond  to  the  requirements  of  equilib- 
rium. This  is  its  equilibrium  polygon.  If  by  aDy  cause  this  polygon 
be  disturbed  from  its  original  position,  it  will  not  tend  to  come  back, 
but  will  depart  from  it  and  collapse.  If  the  same  arch  is  inverted,  its 
equilibrium  polygon  will  be  identical  with  the  former,  but  also 
inverted.  But  an  important  change  has  taken  place  meantime;  when 
similarly  disturbed,  the  inverted  polygon  will  go  back  to  its  original 
position.  To  keep  a  flexible  upright  polygon  in  position  would 
require  great  care  in  its  design,  and  the  provision  of  a  number  of  out- 
side forces  to  prevent  its  displacement.  On  the  contrary,  the  inverted 
polygon  must  only  be  able  to  resist  the  stresses  caused  in  it,  and  the 
force  of  gravity  will  guide  it  safely  to  its  final  position.  The  eflTect  of 
the  above  properties  on  the  erection  of  arches  and  suspension  bridges 
is  self-evident.  All  that  is  necessary,  from  this  point  of  view,  in  the 
erection  of  the  main  member  of  a  suspension  bridge  is  to  suspend  it 
so  that  it  will  have  the  desired  rise  or  versine  when  under  a  certain 
load.  This  enables  the  engineer  to  suspend  all  the  fixed  load  of  the 
bridge  from  the  cable,  without  requiring  any  stiffening  to  keep  it  in 
proper  shape. 

Convenient  as  the  stability  of  a  suspended  polygon  may  be,  for 
erection,  and  safe  as  it  may  be,  this  movability  does  not  satisfy  the 
requirements  of  bridge  traffic.  Traffic  is  dependent  on  tractive  power 
and  grades,  and  the  limits  of  the  movability  and  deflection  of  a  bridge 
are  determined  by  the  steepness  of  the  grades  which  its  traffic  can 
endure.  To  reduce  the  movability  and  deflection  of  a  suspension 
bridge,  its  equilibrium  polygon  is  ** stiffened."  This  can  be  accom- 
plished in  several  ways.  The  most  common  of  these  are:  The 
stiffening  of  the  original  equilibrium  polygon  by  attaching  to  it  a 
truss,  one  chord  of  which  is  frequently  formed  by  the  polygon  itself, 
and  the  suspension  from  the  flexible  polygon  of  a  sufficiently  rigid 
truss.  The  deflections  and  distortions  of  a  cable  or  chain  are  caused 
by  changes  in  temperature  and  by  loads  traveling  over  the  bridge, 
and  it  is  the  function  of  the  stiffening  truss  to  limit  these  distortions. 

As  we  see,  the  fixed  or  dead  load  does  not  enter  directly  as  a  cause 
of  distortion  from  the  curve  assumed  by  the  cable  under  the  weight 
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of  the  bridge.  On  the  contrary,  dne  to  its  stability  of  form,  it  tends 
to  reduce  the  distortion  produced  by  the  other  causes,  and  its  bene- 
ficial influence  is  much  felt  in  heavy  and  flexible  bridges.  Hence  the 
stiffening  truss  must  be  designed  primarily  to  resist  the  distorting 
effect  which  will  be  caused  by  a  giyen  moving  load  in  the  various 
positions  which  it  may  assume.  In  addition,  the  effect  of  changes  in 
temperature  must  be  included.  The  cable  itself,  as  the  main  support- 
ing member,  need  only  be  designed  for  the  greatest  total  load  which 
may  come  on  it.  If  sufficiently  strong  for  the  latter,  and  resting  on 
towers  of  proportionate  strength  and  well  anchored,  the  bridge  is  safe 
from  danger,  even  should  some  of  the  stiffening  members  buckle  or 
break.  The  knowledge  of  this  is  greatly  inducive  to  the  sound  sleep 
of  the  engineer,  but  structures  are  not  built  to  break,  even  without 
danger  of  complete  failure,  and,  in  important  city  bridges,  the  buck- 
ling of  a  stiffening  chord  or  the  breaking  of  a  few  suspenders  may 
frighten  the  public  unnecessarily. 

At  no  stage  of  the  design  of  an  important  suspension  bridge  is 
good  judgment  and  a  thorough  knowledge  of  its  functions  required 
more  than  in  determining  the  moving  loads  for  which  to  provide  and 
the  unit  stresses  to  be  allowed  for  the  stiffening  trusses.  The  mov- 
ing load  being  decided,  the  choice  of  the  depth  and  form  of  truss 
and  of  the  allowable  unit  stresses  Axes  the  sectional  areas  and  de- 
flections which  will  follow  necessarily  from  the  assumed  values. 

To  eliminate  the  effect  of  the  fixed  load  on  the  stiffening  truss, 
the  cable  is  erected  together  with  the  truss  suspended  from  it,  the 
floor  system,  paving,  etc.,  and  at  a  certain  temperature,  assumed  as 
normal,  the  truss  is  adjusted  for  its  final  connections.  The  fixed  load 
on  the  bridge  before  the  closing  of  the  truss,  therefore,  cannot  cause 
any  stresses  in  the  latter.  Any  additional  load  which  may  come  on 
the  bridge  after  this  will  causes  stresses  in  the  stiffening  truss.  So, 
also,  will  a  change  of  temperature  from  the  normal.  From  now  on, 
the  truss  and  the  cable  must  act  together;  they  form  one  elastic  sys- 
tem. The  action  of  this  system  will  be  dependent  on  the  geometrical 
configurations  of  the  component  parts  and  on  their  elastic  behavior. 
This  will  be  seen  plainly  in  the  equations  which  will  be  developed  in 
the  following: 

As  stated  before,  the  three-span  bridge,  the  theory  of  which  is 
presented   here,   is  of   the  braced-cable  type,   and  of  the  outlines 
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shown  in  Fig.  1.  The  upper  curve  represents  the  main  cable,  and 
follows  the  equilibrium  polygon  of  the  weight  of  the  bridge.  It  also 
forms  the  upper  chord  of  the  stiffening  truss,  which  is  attached  di- 
rectly to  it.  Under  the  action  of  the  fixed  load,  and  at  an  assumed 
normal  temperature,  there  will  be  no  stresses  in  the  members  of  the 
stiffening  truss.  Any  additional  fixed  or  moving  load  which  may 
come  on  the  bridge,  or  any  departure  from  the  normal  temperature,, 
will  cause  stresses  in  the  truss,  which  will  then  act  as  an  inverted, 
braced  arch  over  three  spans.  As  shown  in  Fig.  1,  the  ends  of  the 
main-  and  side-  span  trusses  come  on  pins  or  hinges,  while  they  are 
continuous  between  these  points.  It  is  obvious  that  they  form  three 
two-hinged  arches,  and,  as  such,  are  statically  indeterminate  in  the 
fi.rst  degree.  This  means  that  the  equations  furnished  by  the  condi- 
tions of  static  equilibrium  are  not  sufficient  to  determine  the  stresses^ 
and  that  one  more  equation  of  condition  is  lequired.  It  is  furnished 
by  the  conditions  of  the  elastic  behavior  of  the  truss.  In  one  of  its 
forms  it  is  well  known  to  engineers  under  the  name  of  the  **  Principle 
of  Least  Work, "and  has  been  discussed  repeatedly  in  the  Transactions 
of  this  Society. 

Algebraically,  the  general  expression  for  the  principle  of  least 
work  is  written; 

in  which, 

TF=3  the  total  elastic  work  in  the  system  when  free  from  vibration; 

X  =  an  unknown  force,  assumed  as  an  independent  variable; 

P  =  the  direct  axial  force  acting  in  any  part  of  the  system; 

M  =  the  bending  moment  acting  in  any  part  of  the  system; 

8  =  the  length  of  the  member  considered; 

^  =  its  coefficient  of  elasticity; 

A  =  its  cross-sectional  area; 

/  =  its  moment  of  inertia  about  its  neutral  axis. 
It  has  generally  been  found  convenient  to  take  the  horizontal  com- 
ponent of  the  pull  in  the  cable  as  the  unknown  variable  indicated  by 
JTin  Equation  1.  As  stated  before,  the  horizontal  component,  which 
niay  be  denoted  by  H,  represents  the  characteristic  mark  of  the  arch 
or  suspension  bridge.  It  forms  a  function  of  the  stress  in  any  part 
of  the  structure,  and  is  constant  at  any  section  for  a  given  condition 
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of  loadiug.  These  properties  make  it  convenient  to  express  the  stress 
and  work  of  the  several  parts  in  terms  of  By  as  was  done  in  the  case 
described. 

The  general  method  nsed  for  the  derivation  of  the  formula  for 
the  horizontal  poll  is  common  to  most  applications  of  the  least  work 
principle,  and  is  the  same  as  developed  by  Professor  J.  Melan  in  his 
book  on  *' Arches  and  Suspension  Bridges."  The  deduction  of  the 
equations  for  a  three-span  suspension  bridge  of  the  type  described  is 
original  with  the  writer. 

After  the  lengths  of  the  spans,  the  required  clearances  for  the  pur- 
poses of  navigation,  and  the  grades  have  been  fixed,  and  the  desirable 
versine  of  the  cable  has  been  chosen,  the  curve  of  the  cable  which 
forms  the  upper  chord  of  the  truss  has  thereby  been  determined.  In 
the  main  span  the  imstiffened  cable  will  naturally  assume  the  form  of 
the  equilibrium  polygon  of  the  iixed  load  on  it.  As  the  latter  is  prac- 
tically uniformly  distributed  over  the  whole  of  the  span,  its  equilib- 
rium polygon  will  approximate  a  parabola.  For  all  preliminary 
computations,  and  even  for  most  final  computations,  it  has  been 
found  that  the  curve  of  the  cable  may  be  assumed  to  be  parabolic. 

The  form  of  the  curves  of  the  side  spans  are  determined  by  that  of 
the  main  span,  because  the  three  spans  must  balance,  under  the  fixed 
load  and  normal  temperature.  In  other  words,  the  horizontal  com- 
ponent of  the  pull  in  the  cable  must  be  the  same  throughout  the 
bridge.  For  a  uniform  load  over  the  whole  main  span  on  the  unstiff- 
ened  cable,  it  is,  as  is  well  known : 

H,=  P-^ (2) 

in  which, 

p^  =  the  load  on  the  main  span,  per  linear  foot  of  bridge; 
l^  =  the  length  of  the  main  span,  from  the  centers  of  the  towers;  and 
/^^  =  the  versine  of  the  main- span  cable. 

The  expression  for  the  horizontal  pull  in  the  side-span  cable  is, 
similarly : 

^=-iz ^" 

in  which  the  suffix,  s,  indicates  the  similar  notation  for  the  side  spans. 
As  stated  in  the  foregoing,  the  balancing  of  the  three  spans  requires 
that  Si  =  H^y  or 

^  =  ^' (4) 
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Whence  the  versine  of  the  side-span  parabola: 

''-tk'- -(^^ 

As  can  be  seen  from  this  expression,  the  value  of  /,  is  determined  by 
the  data. 

If  the  uniform  weight  of  the  bridge,  including  the  cables,  is  the 
same  for  the  main  and  side  spans,  p^  =  p^^  the  expression  for  the  side- 
span  versine  becomes : 

/.  =  p-fm (6) 

Or,  in  other  words,  the  versines  are  to  each  other  as  the  squares  of 
their  spans.  For  all  preliminary  computations,  the  use  of  this  rela- 
tion is  perfectly  justified.  If  the  fixed  load  is  not  uniformly  dis- 
tributed, the  versines  will  be  to  each  other  as  the  greatest  moments 
due  to  the  loads  on  a  simple  beam.  It  should  be  noted,  however,  that 
the  versine  of  the  side  spans,  as  well  as  all  curve  ordinates,  must  be 
measured  at  the  center  of  the  span  from  the  straight  line  drawn 
through  the  center  of  the  pin  at  the  top  of  the  tower  to  the  center  of 
the  end  pin  at  the  anchorage  as  indicated  in  Fig.  1. 

It  will  be  noticed  that  the  versine  of  the  side-span  curve,  /^,  is 
independent  of  the  elevation  of  the  anchor  pin  relative  to  the  tower. 
The  latter  elevation  is  determined  by  considerations  as  to  the  steepest 
grade  allowable  and  the  least  cost  of  the  anchorage  masonry. 

The  curves  of  the  cable  having  been  determined  and  drawn,  the 
outlines  of  the  stiffening  trusses  are  laid  out.  The  form  of  the  lower 
chord,  the  depths  of  the  truss  and  the  panel  arrangement  are  gov- 
erned by  considerations  of  economy  and  good  looks.  The  type  of  the 
truss  discussed  in  this  paper  is  adaptable  to  such  depths  of  truss  as 
will  generally  follow  the  growth  of  the  bending  moments. 

The  floor  system  can  now  be  designed  and  its  weight  computed, 
together  with  the  weight  of  railings,  pavement,  rails,  etc.  In  the 
present  case,  which  is  that  of  a  long- span  city  bridge  with  solid 
buckle-plate  floor,  the  weight  of  the  foregoing  items  constituted  one- 
half  of  the  total  fixed  load  on  the  bridge.  With  a  thorough  under- 
standing of  the  influences  and  efiEects  of  the  several  parts  of  the 
structure,  it  is  now  comparatively  easy  to  determine  approximately 
the  fixed  load  on  the  bridge,  the  probable  areas  of  the  cable  and 
stiffening  chord  at  the  center  of  the  main  span,  the  average  areas  of 
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the  cable  and  stiffening  chord,  and  the  approximate  moments  of 
inertia  at  any  panel  point. 

At  normal  temperature  and  under  fixed  load,  only,  the  stiffening 
chord  will,  by  the  assumptions  of  the  design  and  erection,  be  free  of 
stress.  With  the  advance  of  an  additional  load,  the  trusses  will  act 
as  inverted  arches,  and  the  load  will  be  distributed  between  cable  and 
stiffening  chord.  For  purposes  of  computation,  it  is  important  to 
determine  approximately  the  relative  share  of  the  load  sustained  by 
each  of  them.  The  following  formula  has  been  found  to  give  closely 
approximate  results. 

If  the  two  chords  of  the  truss  are  assumed  to  be  suspended  without 
any  diagonal  stiffening  members  between  them,  a  load  on  the  bridge 
would  be  sustained  by  the  two  chords  in  proportion  to  their  vertical 
deflection  under  the  stress  caused.  Let  us  denote  by  H  the  sum  of 
the  horizontal  components  in  both  chords  and  by  m  Hsjid  n  Hthe 
proportion  of  H  taken  up  by  the  cable  and  by  the  lower  chord,  re- 
spectively ;  so  that, 

H=:mH+nff,BJidm  +  n  =  l (7> 

If,  further,  A^  denotes  the  average  area  of  the  cable  in  the  span  con- 
sidered, A2  the  average  area  of  the  stiffening  chord,  L^  the  length  of 
the  cable,  Z,  that  of  the  chord, /|  the  versine  of  the  cable  and/j  that 
of  the  chord,  the  following  relation  will  hold  true: 

H^  __  Aj  L2/2  __    rn^  .r.. 

~H,  -  A^L,f-    n  ^"^ 

The  Determination  of  the  Horizontal  PvU  in  Cable  and  Chord  Due  to- 
Moving  Load. — 
Let 

H  =  the  total  horizontal  pull  in  the  cable  and  stiffening  chord;. 
m  H  =    *'  horizontal  pull  in  the  main-span  cable; 
n  H=    ^*  **  **        main-span  stiffening  chord; 

miH=    **  **  *'        side-span  cables; 

niH=i    **  "  **  **        stiffening  chord; 

Ac=    "  cross-sectional  area  of  the  cable  at  any  point; 
C^=    **  "  **  main-span  stiffening  chord;. 

C?,  =    •*  "  **  side-span        ** 

/  =    **  moment  of  inertia  of  the  truss  at  any  point; 
E  =    **  coefficient  of  elasticity  of  the  material; 
h  =    **  height  of  the  tower; 
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y,^  and  y^  =  the  ordiaates  of  the  cable,  in  main  and  side  spans,  respeot- 

ively; 
2r^  and  z^  =    '*  ordinates  of  the  stiffening  chord,  in  main  and  side 
spans; 
nr  =    "  angle  the  cable  makes  with  the  ihorizontal  at  any 
point; 
a  and  cr^  =    *'  angles  it  makes  with  the  horizontal  at  the  tower 
pin,  in  main  and  side  spans,  respectively; 
P  ■=.    *<  angle  the  stiffening  chord  makes  with  the  horizontal 

at  any  point; 
«  =    **  length  of  the  cable  cnrve; 
a  =    <<  panel  length. 
The  bridge  is  symmetrical  abont  an  axis  through  the  center  of  the 
main  span.  ^ 

To  express  the  stress  in  the  several  parts  of  the  stmctnre  in  terms 
of  the  unknown  horizontal  pull,  IT,  is  quite  simple.  The  portion  of 
H  acting  in  the  main  cable  is  m  H,  and,  since  the  stress  in  the  cable 
varies  as  the  secant  of  its  angle,  a,  with  the  horizontal,  it  is: 

u  rr  ^  * 

m  H  sec.  a  =  m  H  — ; — . 
dx 

Similarly,  for  the  side  spans: 

*       dx 

The  direct  stress  in  the  stiffening  chords  as  suspended  members, 
similarly  to  that  in  the  cables,  is  expressed  by: 

7i  H  sec.  A,  for  the  main  span, 
and 

n|  Hbbo,  Pj  for  the  side  spans. 

The  stress  caused  in  the  stiffening  truss,  as  such,  by  bending 
moments  due  to  moving  loads  is  somewhat  less  simple.    However,  the 
writer  believes  that  the 
action    of    the    stiffen-  ^i  i^« 

ing  truss  is   explained    H\      Y"~^ — ^ |      Jit 

clearly  by  the  simple 
algebraic  form  in  which 
the  bending  moment  at 
any  section  of  the  truss 
can  be  expressed . 

Let  Fig.  2  represent  Fio.  2. 
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an  inverted  rigid  arch  of  any  form  which  is  subjected  to  the  action 
of  a  number  of  vertical  forces,  P,,  Pj,  etc. 

The  reaction  at  the  points  of  support  can  be  decomposed  into  the 
vertical  reaction,  J?i,  and  the  horizontal  pull,  H.  As  the  external 
forces  on  the  arch  are  all  vertical,  they  have  no  horizontal  component. 
The  horizontal  reaction,  H,  therefore,  is  the  same  at  both  points  of 
support,  and  the  horizontal  component  of  the  direct  stress  in  the 
arch  is  constant  throughout  for  the  given  system  of  loads.  The  ver* 
tical  component,  on  the  contrary,  varies  from  the  point  of  application 
of  each  load;  and  the  vertical  reactions,  R^  and  R^t  follow  the  law  of 
the  lever,  as  for  simple  beams.  If  we  now  take  moments  about  any 
point,  X,  y,  we  get: 

M,  =  R,x^{P,a-\-PJ>+     .     .     .     )--ny (9) 

But  it  will  be  observed  that  the  first  two  expressions  on  the  right  side 
represent  the  bending  moment  of  a  simple  beam  resting  freely  on  its 
supports.     If  we  denote  this  bending  moment  by  m  we  may  write: 

M^^^m-Hy (10) 

This  is  the  general  expression  for  the  bending  moment  at  any  point, 
for  a  suspension  bridge,  as  well  as  for  an  upright  arch.  In  plain 
words,  it  states  that,  as  far  as  bending  is  concerned,  both  the  upright 
and  the  inverted  arch  act  as  simple  beams  which  are  relieved  by  a 
moment,  Hy,  which  is  due  to  the  horizontal  reaction,  H,  acting  at  the 
distance,  y,  from  the  point,  Xy  y.  It  is  well  to  remember  the  general 
form  and  meaning  of  this  expression  for  the  moment,  because  it 
represents  the  fundamental  idea  of  the  arch,  and,  in  the  most  compli- 
cated cases,  it  will  serve  as  an  excellent  method  of  orientation. 

For  the  truss  discussed  in  this  paper,  the  general  form  of  the 
moment,  expresed  in  //,  becomes: 

For  the  main  span,  Jkf^  =  m  —  m  Hy^  —  n  Hz^ (11) 

*'     *•    side  spans,  Mj^  =  m  —  Wi  By,  —  n,  Hz^ (12) 

The  general  expression  for  the  principle  of  least  work.  Equation 
1,  is: 

Since  the  coefficient  of  elasticity  will  be  practically  the  same  for 
all  parts  of  the  structure,  it  may  be  omitted  altogether.  Table  No.  1, 
Plate  XXXIV,  contains  the  tabulation  of  the  foregoing  expression 
extended  over  the  several  parts  of  the  system. 
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CMble»  mC  ^  ^^'^  ^v^  *t  ^^^  center  be  approzinuited  ftiid  the  cable  be  assumed  to 
section  as  its  secant,  we  get  for  parabolic  cnrres: 


SfcUEeninl 


p  ta-'.^^^ +«^.^4^+«-^^^] - 


(i») 
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It  will  be  noticed  that  the  work  of  the  web  members  of  the  trass  is 
not  inolnded  in  the  summation  of  Table  No.  1.  The  effect  of  these 
members  is  very  small,  and,  since  they  had  to  be  made  adjustable,  it 
did  not  appear  necessary  to  include  them. 

A  glance  at  the  denominator  of  the  expression  deduced  for  H,  in 
Equation  13,  which  we  will  denote  by  2),  shows  that  it  is  independent 
of  any  load  on  the  bridge  and  dependent  on  such  values  only  as  form 
the  geometric  and  elastic  characteristics  of  the  structure.  For  a 
given  structure,  of  the  sections  and  dimensions  assumed,  the  denomi- 
nator, 2),  is  constant,  whatever  the  load  on  the  bridge.  Therefore,  it 
need  be  computed  only  once,  which  reduces  greatly  the  labor  of  com- 
putation. 

From  the  form  of  the  equation, 

it  is  seen  that  the  expressions  in  the  numerator  which  represent  the 
effect  of  the  load  can  be  treated  independently;  the  first  expression  in 
the  brackets  being  the  effect  of  moving  load  on  the  main  span,  and 
the  second  that  on  the  side  spans.  The  coefficients,  2,  in  the  latter 
are  indicative  only  of  the  existence  of  two  symmetrical  side  spans.  In 
the  case  of  an  identical  load  on  both  side  spans,  the  coefficients  would 
represent  the  actual  effect  of  the  load  on  H. 

The  expressions  contained  in  Table  No.  1  are  general,  and  true  for 
any  form  of  cable  curve  and  variable  panel  strength,  and  the  summa- 
tions may  be  much  simplified  for  regular  curves  and  equal  pafiel 
lengths. 

H  for  Uniform  Load  from  Anchorage  to  Anclwrage, — To  obtain  the 
greatest  reactions  on  the  towers  and  at  the  anchorages,  the  bridge 
must  be  loaded  with  its  full  uniform  load  from  anchorage  to  anchorage. 
Por  a  uniform  load,  p,  per  unit  of  length,  the  simple  beam  moment: 

xn  =  -^x(j-x) (15) 

in  which  /  indicates  the  length  of  span.  For  a  parabolic  curve  of  the 
cable,  the  ordinate  of  the  parabola, 

y  =  -^x(/-a:) (16) 

for  the  bngin  of  the  co-ordinates  at  the  center  of  the  tower  pin.   /  in- 


n  -  P-^  ,r  ^^    ^    ^  ''  ^   I  (i7> 
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dicates  the  versine  of  the  curve.     Substituting  these  values  for  m  and  | 

Xy  it  becomes : 

and  similarly  for  the  side  spans.  The  total  horizontal  pull  in  the 
cable  and  chord,  due  to  a  full  uniform  load,  p,  per  horizontal  unit  of 
length  on  the  main  span  only,  vre  then  get  as: 

For  a  full  load  on  one  of  the  side  spans : 

H,=    P-l',,   ^^^     ^    +^'^     ^     (18) 

8/,  ^  S 

For  the  load  extending  from  anchorage  to  anchorage,  the  effects  of 
each  span  must  be  added,  so  that 

^Aei.  =  ^i»  +  2F, (19) 

To  obtain  the  proportions  of  H  sustained  by  cable  and  stiffening 
chord,  the  foregoing  values  of  if  are  multiplied  by  the  proportions,. 
m  and  n,  deduced  before. 

H/or  a  Single  Ckmcentraiion. — If  a  single  concentrated  load,  Py 
acts  on  a  simple  beam,  of  a  span,  /,  at  a  distance,  v^  from  the  point  of 
support,  the  expression  for  the  bending  moment  due  to  it  will  take 
the  form 

m.-.  =  ^i^^^ (20> 

for  any  section,  a;,  between  o  and  i?,  and 

m^-.^^i^i^' (aoa) 

for  any  section,  Xy  between  v  and  I. 

Substituting  these  expressions  for  m  in  the  numerator  of  the  gen- 
eral equation  for  H: 

we  obtain  for  a  concentrated  load,  P: 


,         '^\J'' a  X  z      nv    '^^^axz   ,  ^^j'a  z    I 


(21) 
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This  equation  for  if  represents  the  analytical  expression  for  the  influ- 
ence line  of  if  for  a  load,  P,  traveling  over  the  bridge.  It  is  equally 
true  for  the  main  and  for  the  side  spans,  for  which,  of  course,  the 
corresponding  values  and  summations  must  be  used. 

Hfor  a  Uniform  Load  Continuous  from  Point  (^  Support  to  any  Sec- 
tion,— If  a  uniform  load,  p,  per  unit  of  length,  advances  continuously 
from  one  end  of  a  simple  beam,  of  a  span,  /,  to  any  point  distant  u 
from  it,  the  expression  for  the  bending  moment  due  to  this  load  will  be: 

m^,=rP±.(2l-u)x-P^ (22) 

for  any  section  between  o  and  u,  and 

m^,=^(l-x) (22a) 

for  any  section  between  u  and  /. 

Substituting  these  expressions  for  the  simple-beam  bending  mo- 
ment, m,  in  the  numerator  of  the  general  equation  for  ff,  we  get,  for 
A  continuously  advancing  load,  p: 


^-  Yd 


o  o 


.(23) 


"^^'a  za?    ,     n  t^  '^^^    (l —  n)  az 

-"^  -r+  — ^      7^ — 

To  obtain  the  value  of  H  due  to  a  partial  uniform  load  between  any 
t-wo  points,  we  need  only  subtract,  from  the  value  computed  from  the 
above  equation  for  the  load  extending  from  the  support  to  the  farther 
point,  the  value  computed  due  to  the  load  to  the  nearer  point.  As 
the  values  for  IT  are  tabulated  from  panel  point  to  panel  point  this  is 
very  simple.  The  equation  deduced  for  H  applies  to  either  main  or 
side  spans  for  the  corresponding  values  and  summations. 

With  the  several  equations  which  have  been  established  in  the  fore- 
going, the  effect  of  any  kind  of  moving  load  on  the  bridge  can  be 
computed. 

Tfie  Determination  of  the  Horizontal  Pull  in  Cable  and  Chord  Due  to 
Temperature  Changes, — The  stiffening  truss  is  free  of  stress  at  an  as- 
sumed normal  temperature  which  is  the  temperature  of  the  final 
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adjustment  of  the  bridge  tinder  its  fixed  load  only.  Any  change  of 
temperature  from  the  normal  will  cause  stresses  in  the  stiffening  truss 
members.  If  ca  denotes  the  coefficient  of  expansion  of  steel  per  1° 
Fahr.  and  i  the  number  of  such  degrees  from  the  normal  temperature 
which  any  member,  of  length,  s,  has  departed,  the  change  in  length  of 
this  member  will  be  «  /«.  If  this  member  is  under  stress,  P,  a  change 
in  its  length  in  the  sense  opposite  to  the  stress  will  produce  the  work 
Pouts,  The  least- work  expression  for  the  effect  of  a  uniform  change 
of  temperature  will  then  be 


j 


which  must  be  added  to  the  summation  of  Table  No.  1.  Applying  this 
expression  to  the  several  parts  of  the  system,  we  get,  by  referring  to 
Table  No.  1: 

Pue  to  cables  in  main  span  \  m  oo  t  2j^  a  sec.  *a; 

**  **         side  span:  2  nii  go  t  2 J*  a  sec.  ^a; 

**     stiffening  chord  in  main  span:  n  a>  tSj^  a  sec.  V; 

"  **  "        side        ♦*      2n^  QDi  2j'  a  sec.  V- 

It  will  be  noticed  that  none  of  the  above  expressions  is  a  function 
of  H,  and,  therefore,  they  will  appear  in  the  numerator  of  the  H  equa- 
tion, not  disturbing  the  value  of  the  denominator,  2).  The  expression 
resulting  for  the  effect  of  a  change  of  t  degrees  in  the  temperature  of 
the  structure  is : 

iff  =  =F      y.     [moot  2^^"*  asec.  ^a-^-^m^cDt  2j'asec.  ^a 

■\-na)t  2 J""  a  sec.  ^/3  -{- 2  n^  od  t  2j*  a  sec.  V]  •  •  •  ■  (24). 

Moments  and  Stresses  in  the  Side-Span  Trusses. — It  will  be  found, 

generally,  that  the  side  spans  in  three-span  suspension  bridges  are  too 

rigid  to  get  the  greatest  bending  moments,  under  the  action  of  a  partial 

moving  load  on  them.     The  greatest  positive  moment,  by  which  we 

will  denote  the  moment  giving  a  downward  deflection,  will  be  caused 

by  the  full  moving  load  on  the  side  span  and  no  load  on  the  remainder 

of  the  bridge.     Going  back  to  the  general  expression  for  moments, 

Equation  12, 

JIC  =  m  —  Wi  //  y,  —  M,  Hzg, 

The  value  of  H  for  a  full  load  on  one  side  span  has  been  deduced 

in  Equation  18,  and  the  moment  of  a  simple  beam  for  a  uniform  load 

over  the  full  length  pf  the  span, 

pxjl,  —  a?) 
Ill  —  2 


•^ 
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The  expression  for  the  moment  thns  becomes : 

Maximum  positive  M^^^     ^ '  -     '  —  m,  H  yg—n^  H  z^ (25) 

The  greatest  negative  moments  in  the  side  span  will  be  produced 
by  the  full  load  on  the  main  span  and  far  side  span  and  no  load  on  the 
span  considered.     It  is  given  by 

Maximum  negative  M^  =  —  rtii  Ht/,  —  n,  H  Zg (26) 

^represents  here  the  value  of  the  horizontal  component  due  to 
full  load  on  the  main  span  and  one  side  span.     Equations  17  and  18. 

The  moments  produced  by  a  uniform  change  in  temperature  of  t 
degrees  either  way  follows  at  once  from  the  general  expression  for 
moments: 

Temperature  moment  ±  3/  =  =f  wi,  Hi  y^  ^  n^  Hi  z^ (27) 

but  it  will  be  remembered  that  in  Equation  24  ^has  a  negative  sign, 

so  that  the  temperature  moment  for  an  increase  in  temperature  will  be: 

±  iV  =  ih  7»i  //^  y,  ±  ?ii  //,  z^ (28) 

After  the  moments  have  been  computed  for  the  several  conditions 
of  loading  and  temperature  giving  the  greatest  positive  and  negative 
moments,  it  is  very  simple  to  find  the  chord  stresses  in  the  stifiening 
truss  produced  by  the  bending  moments,  by  dividing  the  latter  by  the 
corresponding  lever  arms.  The  chord  stresses  thus  obtained  must  be 
added  to  the  direct  axial  stress  in  the  chord,  which  is  given  by  the 
corresponding  value  of  H  multiplied  by  the  secant  of  the  angle  which 
the  chord  makes  with  the  horizontal.  The  sum  of  both  represeuts  the 
total  stress  in  the  chord  at  the  given  point.  For  the  upper  chord,  of 
course,  the  stress  due  to  the  fixed  load  is  included. 

The  stre^sses  in  the  web  members  of  the  stiffening  trusses  due  to 
the  several  conditions  of  load  and  temperature  are  determined  by  the 
method  of  moments,  the  same  as  for  any  truss  with  curved  chords, 
except  that  the  horizontal  reaction,  H,  as  well  as  the  vertical  reaction, 
must  be  considered. 

Moments  a7id  Stresses  in  the  Main-Span  Trusses. — For  the  full  uniform 
load  on  the  main  span  and  no  load, on  the  side  spans,  the  bending 
moment  will,  similarly  to  Equation  25  deduced  for  the  side  span,  be 
given  by : 

^%ot.  =^^x(l,,-x)-mHy-nHz ('29) 

^represents  here  the  value  of  H  for  the  full  load  on  the  main  span, 
as  given  by  Equation  17. 
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Bnt  in  most  Bections,  the  greatest  moments  and  stresses  are  pro- 
duced by  partial  moving  loads.  The  positions  of  loading  giving  the 
greatest  positive  and  negative  bending  moments  and  shears  have  been 
determined  graphically  by  the  so-called  "locns-line"  or  Kaempfer- 
drucklinie. 

If  a  concentrated  load,  P,  travels  along  the  span  of  an  upright  or 
inverted  arch,  the  lines  of  action  of  the  reactions  produced  at  its  ends 
will  intersect  in  one  point  with  the  line  of  action  of  the  load. 

The  curve  generated  by  the  continuous  succession  of  this  point  as 
the  load  travels  over  the  span,  which  is  the  locus  of  the  points  of  inter- 
section, may  be  denoted  as  the  locus-line.  The  deductions,  both 
analytical  and  graphical,  of  the  thrust-line  and  its  application  to 
determine  the  positions  of  moving  load  for  greatest  chord  and  web 
stresses  have  been  discussed  fully  in  the  works  of  Mueller-Breslau, 
Weyrauch  and  Melan. 

The  greatest  negative  moment  at  any  point,  due  to  partial  load  on 
the  main  span,  is  caused  by  the  load  extending  from  the  far  tower  to 
the  limiting  section  found  for  this  point.  As  there  is  no  load  from  the 
near  tower  to  the  limiting  section,  the  value,  m,  of  the  general  equa- 
tion for  moments  represents  the  simple  beam  reaction,  JB,,  on  the 
unloaded  side,  by  the  distance  of  the  section  from  it.  The  equation 
for  the  greatest  negative  bending  moment  at  x  thus  becomes:  . 

M^^,  =  R,x-mHy^^nHz (30) 

For  a  uniform  load,  p,  per  unit  of  length,  extending  from  the  lim- 
iting section,  distant  u  from  the  left  tower  to  the  right  tower,  the 
moment  may  be  written : 

^«.,.  =££=L!0!f  _  «  Hy^-nEz^ (31) 

The  values  of  H  in  this  equation,  of  course,  must  represent  the 
values  corresponding  to  the  loading  used. 

The  greatest  positive  moments  will  be  found  by  subtracting  alge- 
braically the  corresponding  values  obtained  from  Equations  80  or 
31,  from  those  obtained  from  Equation  29: 

M^.  =  M^.-M^,„. (82) 

The  greatest  negative  moments  on  the  main  span  which  will  be 
produced  by  loads  on  the  side  spans  will  take  place  with  the  latter 
fully  loaded.  If,  as  before,  H,  (Equation  18),  represents  the  total 
horizontal  pull  produced  by  the  full  load   on  one  side  span,   the 
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greatest    negative  moment  dne  to  both    side   spans   being   loaded 
will  be: 

Jlf,  =  -2mfl;y„-2niJ,^, (33) 

The  two  negative  moments,  Equations  31  and  33,  mnst  be  com- 
bined to  obtain  the  greatest  possible  negative  moment. 

In  combining  the  chord  stresses  due  to  bending  with  those  due  to 
the  corresponding  axial  stress,  care  mtist  be  taken  in  determining  the 
absolute  maxima. 

The  stresses  in  the  web  members  were  computed  by  the  method 
of  moments,  after  the  position  of  load  giving  the  greatest  stress  had 
been  determined  by  the  aic}  of  the  locus-line. 

TTie  Deflections  of  the  Trusses, — The  deflections  of  the  stiffening 
truss  of  a  suspension  bridge  should  not  be  considered  as  to  the  effects 
of  the  moving  loads  only.  The  condition  of  a  suspension  bridge  bal- 
anced under  the  fixed  load  is  that  of  an  equilibrium  polygon  under 
stress.  As  stated  in  the  foregoing,  its  stability  is  such  that  if  dis- 
turbed by  the  advent  of  the  moving  load  it  will  tend  to  get  back  into 
equilibrium,  and  this  the  more  so  the  heavier  the  bridge.  If,  under 
the  fixed  load,  the  bridge  is  balanced  with  the  horizontal  pull  in  the 
cable,  Hp  and  the  moving  load  afterward  causes  an  additional  pull, 
0^,  with  a  resulting  defiection,  d^,  the  bending  moment  produced  by 
this  condition  in  the  stiffening  truss  will  be: 

JK',  =  m-fly-(fl,+  fl«)«, (34) 

The  first  two  expressions  on  the  right-hand  side  of  Equation  34 
represent  the  moment  as  determined  by  the  formulas  deduced  in  the 
foregoing,  while  the  third  expression  represents  what  we  may  term 
the  "relief  moment."  The  latter  is  caused  by  the  disturbance  in 
balance  of  the  bridge  by  the  deflection,  which  is  equivalent  to  an 
increased  versine.  The  effect  of  the  fixed  load  on  the  stiffness  of  a 
suspension  bridge  is  shown  clearly  in  Equation  34.  The  heavier  the 
bridge,  the  greater,  of  course,  becomes  the  value  of  Hp  and  the  greater 
is  the  relief  moment.  The  effect  of  this  moment  should  be  computed 
and  the  moments  and  stresses  corrected  correspondingly. 

The  resulting  deflection,  ($^,  of  course,  will  be  the  deflection  of  the 
stiffening  truss  due  the  moment,  M^  Now,  the  deflection  of  any 
beam,  by  the  common  theory  of  flexure,  may  be  written : 

^=#; (35) 

dx       EI  ^     ' 
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Integrating  the  same  twice,  we  get  for  the  deflection 

'-4-^^^ M 

The  greatest  deflection  of  the  main  span,  due  to  moving  load,  will 
occur  with  the  main  span  fully  loaded  and  the  remainder  of  the  bridge 
unloaded.  Substituting  for  Mj^^  in  Equation  36,  the  moment  due  to 
uniform  load  on  a  simple  beam,  we  get,  for  the  deflection  at  the  center 
of  the  span, 

'rTX»^^'4' '»" 

where  M^  is  the  moment  resulting  from  Equation  34. 

Equations  34  and  37  determine  the  values  of  both  the  moment  and 
the  corresponding  deflection. 

It  will  be  noticed  that  no  account  was  taken  of  the  distortion  of 
the  polygon  from  its  original  curve.  This  has  been  done  because, 
while  for  a  cable  not  stiffened  directly,  the  distortion  of  the  original 
curve  is  of  some  importance,  in  the  case  described,  its  effect  is  neg- 
ligible. 

The  Application  of  the  Fobmulas  Deduced  to  the  Design  of  a 
Thbee-Span  Suspension  Bridge. 

As  stated,  the  formulas  deduced  in  the  foregoing  were  applied  to  a 
three-span  suspension  bridge  of  the  form  shown  in  Fig.  1.  The  bridge 
is  a  city  bridge  designed  for  a  traffic  capacity  unparalleled  in  the 
annals  of  modern  bridge  building  for  similar  purposes.  It  is  intended 
to  carry  four  trolley  lines,  four  elevated  railroad  tracks,  a  wide 
roadway  and  promenades,  and  a  working  load  of  8  000  lb.  per  lin.  ft. 
of  bridge,  or  a  congested  load  of  16  000  lb.  is  provided  for  to  take  caie 
of  this  traffic.  A  solid  floor  of  buckle-plates  is  provided,  and  the 
total  weight  of  the  floor  system,  including  pavement,  rails,  railings, 
etc.,  amounts  to  16  300  lb.  per  lin.  ft.  of  bridge.  The  cables  and  stiffen- 
ing trusses  were  designed  for  the  use  of  nickel-steel  bars  and  built 
members.  The  total  estimated  fixed  load  on  the  bridge,  including 
the  floor,  amounts  to  31  000  lb.  per  lin.  ft.  on  the  main  span  and  about 
33  000  lb.  on  the  side  spans.  The  spans  are  725,  1  470  and  725  ft.,  as 
shown  on  Fig.  1.  A  vers  in  e  of  184  ft.  was  decided  on  for  the  main 
span,  which,  by  the  application  of  Equation  5,  resulted  in  a  side-fipan 
versine  of  48.4  ft. 
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The  proportions  of  the  total  horizontal  pull,  dne  to  moving  load 
or  temperature,  taken  by  the  cable  and  stiffening  chords  are: 
Main  span:  m  =  0.82;  n  =  0.18; 
Side  spans:  m,  =  0.89;  n,  =  0.11. 

It  was  found  that,  with  a  uniform  moving  load  on  the  whole  of  the 
main  span,  about  8.5^  of  the  load  is  carried  by  the  stiffening  truss 
acting  as  a  beam,  and  the  remaining  91.5%  by  the  chains  and  chords 
acting  as  suspended  polygons.  The  greater  stiffness  of  the  side  spans, 
due  to  their  short  length  and  great  depth  at  the  center,  shows  its 
effects  in  the  results  obtained  for  the  same  kind  of  loading  on  them. 

The  side-span  truss  carries  98.6%  of  the  load  as  a  truss,  and  trane- 
fers  1.4%  only  to  the  cables. 

The  work  on  the  computations  presented  no  special  difficulties. 
The  summations  which  appear  in  the  formulas  deduced  in  this  paper 
were  computed  and  tabulated  for  every  panel  point,  and  the  actual 
work  was  less  formidable  than  the  long  equations  would  make  it 
appear.  The  computation  of  the  moments  and  stresses  was  simple 
work,  and  care  only  had  to  be  exercised  in  obtaining  the  greatest  re- 
sulting stresses.  The  analytical  method  displayed  its  advantages 
during  the  work  of  computation.  The  formulas  being  once  estab- 
lished, the  actual  labor  of  tabulation  can  be  carried  on  by  several  per- 
sons at  the  same  time,  each  taking  a  part  of  the  work,  and,  while  it  is 
desirable  that  each  computer  should  be  thoroughly  acquainted  with 
the  formulas  and  their  deductions,  as  was  actually  the  case,  such 
knowledge  is  not  absolutely  necessary.  The  work  can  thus  be  pushed 
ahead  quite  rapidly  should  the  time  allowed  require  it. 

The  stress  sheets,  Plates  XXXV,  XXXVI,  XXXVII  and  XXXVIII 
may  serve  to  show  the  relative  amounts  of  the  stresses  and  their  varia- 
tions, and  also  what  may  be  expected  under  the  given  conditions. 
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Mr.  Roberts.  NATHANIEL  BoBEBTS,  M.  Am.  Soc.  O.  E.  (by  letter). — Mr.  Parsons' 
paper  should  lead  to  some  very  interesting  discussions  on  building 
construction  in  general  and  the  use  of  cast-iron  columns  and  details 
for  high  buildings,  and  be  productive  of  good  to  engineers  and  the 
public  at  large. 

When  iron  construction  of  buildings  was  in  its  infancy,  and  build- 
ings, usually,  did  not  exceed  six  stories  in  height  and  were  very  sel- 
dom of  fire-proof  construction,  cast-iron  columns  were  permissible. 
Their  cost,  compared  with  riveted  columns,  was  greatly  in  their  fa- 
vor; also,  the  facility  with  which  they  were  obtained  and  their  ability 
to  withstand  fire  without  collapse,  added  to  the  large  factor  of  safety 
in  use  twenty -five  years  ago  (a  factor  of  safety  of  8  instead  of  6,  as 
at  the  present  time),  gave  a  safe  construction. 

In  the  early  Seventies,  the  writer  designed  a  large  woolen  mill  in 
the  West  of  England,  the  roof  and  floors  of  *< slow-burning"  con- 
struction, supported  by  cast-iron  columns.  After  being  in  operation 
for  several  years,  and  the  floors  being  saturated  with  oil,  the  mill 

*Thi8  discussion  (of  the  paper  of  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  April,  1904).  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 

CommunTcations  on  this  subject  received  prior  to  September  88d,  1904,  wiU  be  pub- 
lished subseiiuently. 
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canght  fire  in  the  upper  story  and  burned  downiward  like  a  torch.  Mr.  Roberta. 

The  3-in.  flooring  was  entirely  destroyed,  the  6  by  12-in.  joists  and 

the  10  by  16-in.  oak  girders  were  oharred  through,  the  several  lines 

of  heavy  wrought-iron  shafting  were  twisted  and  bent  into  various 

serpentine  shapes,  but  the  cast-iron  columns,  although  subjected  to  a 

prolonged  white  heat  and  to  streams  of  water  from  the  fire  engines, 

which  caused  most  of  them  to  crack  from  top  to  bottom,  remained 

in  place  and  prevented  the  collapse  of  the  building,  thereby  saving 

the  lives  of  scores  of  men  who  were  engaged  in  removing  goods  from 

the  lower  floors. 

The  New  York  City  building  law  requires  that  all  wall  columns, 
whether  of  steel  or  cast  iron,  shall  be  protected  by 

"A  casing  of  brickwork  not  less  than  8  ins.  in  thickness  on  the 
outer  surfaces,  nor  less  than  4  ins.  in  thickness  on  the  inner  surfaces, 
and  all  bonded  into  the  brickwork  of  the  enclosure  walls.*' 

Also,  all  interior  columns, 

''Used  to  support  any  fire-proof  floor,  shall  be  protected  with  not 
less  than  2  ins.  of  fire- proof  material,  securely  applied,"  but,  ''the 
extreme  outer  edge  of  lugs,  brackets  and  similar  supporting  metal 
may  project  to  within  2  in.  of  the  surface  of  the  fireproofing." 

It  is  a  well-known  fact,  however,  that  many  of  the  so-called  fire- 
proofing  coverings  in  use  are  fireproof  in  name  only,  as  was  shown  by 
collapsed  steel  columns  in  the  fires  at  Pittsburg  and  Baltimore. 

The  writer  is  not  an  advocate  of  the  use  of  cast-iron  columns  in 
"tall"  buildings,  or  even  in  buildings  of  moderate  height,  if  sub- 
jected to  bending  strains  caused  by  wind  or  eccentric  loading,  but 
believes  that  no  one  will  dispute  the  fact  that  cast-iron  columns  of 
tough,  gray  iron,  free  from  injurious  cold-shuts  or  blow-holes,  will 
withstand  the  combined  action  of  fire  and  water  without  collapse^ 
while  steel  columns  will  not. 

The  writer  has  no  desire  to  criticise  this  paper,  but  wishes  the  au- 
thor had  gone  into  detail  a  little  more,  as  it  seems  to  be  too  general. 

Mr.  Parsons  states  that  the  building  was  constructed  on  the  "  cage  " 
system,  that  is,  all  the  weight  was  supported  on  the  columns.  Then 
he  says,  the  "  walls  were  continuous  from  the  foundation,  and  did  not 
rest  on  girders  at  the  floor  levels. "  In  Fig.  3,  however,  twelve  bays 
have  widl  girders  for  "skeleton  construction,"  while  the  other  outside 
bays  are  shown  as  being  of  "  curtain-wall  construction." 

Mr.  Parsons  fails  to  give  any  data  respecting  the  floor  loads  used 
in  designing,  and,  although  he  gives  a  specimen  column  schedule  in 
Table  No.  1,  he  does  not  locate  the  position  of  the  column  in  the 
building,  to  enable  anyone  to  check  the  sections,  and  the  detail  of  the 
8-in.  column,  shown  in  Fig.  1,  does  not  refer  to  one  of  the  columns 
given  in  the  specimen  schedule,  but  appears  to  be  either  Nos.  29,  30,, 
35  or  36,  at  about  the  4th  story. 
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Bir.  Roberts.  •  He  also  states:  '*A11  the  loads  were  ecoentrically  supported  on 
the  side  brackets,'*  while  a  reference  to  the  plan,  Fig.  3,  shows  that 
the  interior  columns  and  quite  a  few  of  the  wall  columns  have  very 
little  eccentric  loading. 

He  also  states  that  the  holes  in  the  girders  were  about  2  in*  in  di- 
ameter, and  that  the  bolts  were  f  in.  It  is  to  be  regretted  that  the 
exact  size  of  the  holes  was  not  given.  The  standard  size  for  punched 
holes  for  J-in.  bolts  is  tI  in.  on  the  punch  side  and  i  in.  on  the  die 
side,  although  some  contractors,  to  facilitate  erection  and  cover  care- 
less workmanship,  use  a  |^-in.  punch  for  }~in.  bolts,  viz. ,  yl  in.  on  the 
punch  side  and  1  in.  on  the  die  side. 

By  reference  to  Fig.  3,  it  will  be  seen  that  Columns  Nos.  31  and 
37  are  stayed  in  one  direction  only,  the  nearest  beam  in  the  other  di- 
rection being  at  a  distance  of  1  ft.  9^  ins.  from  the  center  of  the 
column. 

Fig.  3  is  a  typical  plan  of  floor  beams  for  the  3d  lo  the  8th  floors, 
inclusive.  Engineermg  News  of  March  10th,  1904,  gave  a  plan  of  the 
same  floors,  and  stated  that  ''the  9th  to  12th  floors  and  the  pent- 
house floor  are  similar  in  arrangement  to  that  shown,  but  their  fram- 
ing is  somewhat  lighter/'  and  '*the  1st  and  2d  floors,  due  to  the 
addition  of  framing  for  the  light-courts,  are  different  in  arrangement 
from  the  tiers  above,  and  the  1st  floor  is  heavier."  The  floor  loads  are 
also  given  as  60  lbs.  live  load  and  60  lbs.  dead  load  per  square  foot. 

The  floor  construction  is  specified  as  the  Boebling,  flat,  reinforced- 
conorete  type  (System  B,  Style  4),  the  fire-proof  partitions  being 
carried  by  the  floor  system. 

The  thickness  of  the  floors  is  g^ven  as  13  ins.  from  finished  ceiling 
to  finished  floor  aurface.  This  construction  will  weigh  not  less  than 
65  lbs.  per  square  foot  in  addition  to  the  weight  of  the  fire-proof  par- 
titions; but  the  floor  beams  shown  have  been  designed  for  a  gross  load 
of  120  lbs.  per  square  foot  of  floor. 

Engineering  News  also  gives  a  schedule  of  sizes  for  Columns  Nos. 
30  and  31,  and  loads  on  Column  No.  31,  but  it  is  to  be  regretted  that 
enough  data  are  not  given  to  check  some  of  the  wall  columns  under 
eccentric  loads,  say  Column  No.  2,  which  is  subjected  to  a  bending 
moment  at  each  tier  due  to  an  eccentric  load  of  11  400  lbs.  To  with- 
stand this  bending  moment  requires  an  increase  in  metal  area  in  the 
upper  columns  equivalent  to  an  added  load  of  about  36  000  lbs.  in 
addition  to  the  actual  load  itself;  while  Column  No.  1,  with  an  eccen- 
tric load  at  each  tier  of  only  5  600  lbs. ,  requires  an  increase  in  metal 
area  in  the  upper  columns  equivalent  to  an  added  load  of  about  32  000 
lbs.  in  addition  to  the  actual  load  itself. 

In  regard  to  the  failure  of  the  structure  the  writer  believes  there 
were  several  contributing  circumstances,  viz.: 

1st. — The  columns  should  have  been  designed  for  bending  4ue  to 
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ecoentrio  loading,  necessitating  steel  columns,  as  no  dependence  can  Mr.  Roberts, 
be  placed  upon  a  column  to  resist  bending  vhen  it  may  be  full  of 
concealed  blow-holes. 

2d. — The  absence  of  bracing  for  wind  strains,  and  the  torsion  on 
the  structure  caused  by  derricks,  during  the  hoisting  of  material. 

3d. — The  overloading  of  the  upper  stories  by  building  material 
may  have  had  some  effect;  but,  from  information  thus  far  obtainable 
the  writer  believes  that  torsional  strains  produced  by  derricks  caused 
the  collapse. 

Only  a  few  months  ago  the  writer  had  his  attention  called  to  a 
building  in  course  of  erection  in  New  York  City,  where  steel  columns 
in  two-story  lengths  were  used,  the  erector  had  the  guy-lines  for  the 
derricks  secured  to  the  tops  of  the  columns  at  least  10  ft.  above  any 
floor  beams  erected,  and  the  erector  was  surprised  (he  ought  not  to 
have  been)  to  find  that  some  of  the  columns  had  a  decided  twist  in 
them,  and  in  some  cases  were  more  than  5  ins.  out  of  plumb. 

During  the  past  fourteen  years  the  writer  has  designed  more  than 
thirty  steel  buildings  in  New  York  City,  ranging  from  twelve  to  thirty 
stories  in  height,  besides  many  smaller  buildings,  and  has  found  that, 
although  there  are  some  architects  who  realize  the  necessity  of 
employing  engineers  to  assist  them  in  designing  any  but  the  simplest 
of  steel  constructions,  the  great  majority  of  architects  will  with  the 
aid  of  a  rolling-mill  handbook  and  the  free  services  of  a  contractor's 
**  iron- man,"  concoct  a  '^  design  "  that  Providence  sometimes  allows  to 
be  erected  without  accident. 

In  conclusion:  Mr.  Parsons  states  that  some  of  the  beams  and 
channels  were  marked  ** Phoenix"  and  some  "Carnegie."  Why  were 
not  some  "Pencoyd''  beams  used,  also?  For  is  it  not  written,  ''a 
three-fold  cord  is  not  easily  broken." 

C.  J.  TiiiDEN,  Assoc.  M,  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  Mr.  Tilden. 
strongly  opposed  to  the  use  of  cast  iron  as  part  of  the  framework  in 
skeleton  building  construction.  The  principal  objections  are  its  gen- 
eral unreliability  as  compared  with  steel,  and  the  apparent  impossibil- 
ity of  designing  satisfactory  details  for  beam  and  girder  connections, 
column  joints,  etc.  The  Hotel  Darlington  disaster,  however,  certainly 
does  not  prove  anything  against  cast  iron,  per  se,  as  a  structural 
material;  indeed,  the  columns  seem  to  have  acted  remarkably  well 
xinder  the  severe  conditions  imposed  upon  them  from  lack  of  lateral 
support  and  general  bad  design. 

The  author  makes  note  of  the  fact  that  each  column  length  had 
top  and  bottom  flanges  cast  only  on  the  north  and  south  sides,  thereby 
giving  the  column  no  stiffness  in  an  east  and  west  direction,  except 
tliAt  derived  from  the  floor  girders  framing  into  the  column  near  the 
top.  The  value  of  this  stiffening  may  be  seen  by  reference  to  Fig.  6. 
At  A  is  shown  one  length  of  column,  drawn  to  scale,  and  at  B  is  an 
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Mr.  Tiiden.  enlarged  detail  of  the  lug  to  which  the  floor  girder  was  bolted. 
(This  sketch  applies  to  the  columns  numbered  7  or  15  in  Fig.  3, 
showing  a  typical  plan  of  the  floor  framing.)  The  bolts  used  were 
}  in.  in  diameter,  and  the  holes  in  the  Ing  and  girder  web  were  g  in. 
Assuming,  when  the  column  is  vertical,  that  the  bolts  are  concentric 
with  the  bolt  holes,  as  shown  by  the  heavy  lines  of  Sketch  B,  Fig.  6, 
a  horizontal  thrust  against  the  end  of  the  girder  would  tilt  the  whole 
column  east  or  west  untQ  the  axis  of  the  bolt  holes,  shown  tkixxin 
normal  position,  assumed  the  position,  x'x',  the  bolts  in  this  position 
bearing  against  the  bolt  holes  on  opposite  sides,  as  dX  M  M.  A  move- 
ment of  this  kind  and  amount  would  be  resisted  only  by  the  friction 
due     to    tightly    set-up 
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bolts,  and  it  is  admitted 
that  in  most  cases  these 
were  loose.  The  eflect 
of  such  motion  on  the 
column  is  shown  in 
Sketch  A,  Fig.  6.  In  one 
story  length  the  column 
could  readily  be  moved  3 
ins.  out  of  plumb.  Such 
a  condition  of  affairs 
could  hardly  have  existed 
if  steel  instead  of  cast- 
iron  columns  had  been 
used  in  the  framing. 

Referring  again  to  Fig. 
3,  it  is  seen  that  the  fore- 
going reasoning  would 
apply  to  the  two  rows  of 
columns  numbered  7,  31, 
30,  29,  28;  and  15,  37,  36, 
35  and  22.  That  is,  prac- 
tically the  whole  frame- 
work could  be  tilted  east  or  west  until  it  was  out  of  plumb  by  an  amount 
equal  to  3  ins.  for  each  story  length.  As  a  matter  of  fact,  it  wae 
brought  out  in  the  testimony  before  the  coroner's  jury  that,  a  week  or 
two  before  the  collapse,  the  structure  (then  about  seven  or  eight 
stories  high)  was  out  of  plumb  by  an  amount  variously  estimated  at 
from  6  ins.  to  2  ft.  This  error  was  corrected  by  rope  tackle  used  to 
jack  the  leaning  framework  back  into  place.  The  direction  of  this 
inclination  is  not  mentioned  in  the  press  reports,  so  that  it  cannot  be 
stated  definitely  whether  or  not  the  trouble  was  due  directly  to  the 
cause  just  cited.  The  diagram  shows  rather  strikingly,  however,  the 
utter  flimsiness  of  the  whole  structure,  and  it  is  easy  to  credit  the 
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farther  testimony  of  witnesses  before  the  coroner  that  on  yarions  Mr.  TUden. 
occasions  the  building  swayed   noticeably.*    It  is  perhaps  hardly 
necessary  to  speak  of  the  severe  shearing  stress  to  which  the  bolts 
would  be  subjected  by  any  distortion  of  the  nature  and  amount  indi- 
cated. 

One  direct  violation  of  the  building  law  may  be  noted.  The  statutef 
reads: 

'<  The  top  and  bottom  flanges,  seats  and  lugs  (of  cast-iron  columns) 
shall  be  of  ample  strength,  reinforced  by  fillets  and  brackets;  they 
shall  be  not  less  than  1  in.  in  thickness  when  finished." 

The  flanges  of  columns  in  the  Darlington  were  not  reinforced  in  any 
way,  and  the  fact  that  -nearly  every  column  broke  in  the  flanges  indi- 
cates how  serious  a  defect  this  was.  At  the  inquest  the  foreman  of 
the  iron  workers  testified  that  the  Building  Department  had  ordered 
him  on  several  different  occasions  to  stop  work  on  the  iron  frame,  and 
that  in  each  case  the  owner  had  told  him  to  go  ahead  regardless  of 
these  orders,  t 

The  real  trouble,  therefore,  would  seem  to  be  the  lack  of  a  suffi- 
ciently severe  penalty  for  violation  of  the  building  code,  and  the  sub* 
Ject  would  seem  to  be  one  for  discussion  by  law  makers  rather  than 
engineers.  In  relation  to  this,  it  may  not  be  amiss  to  mention  the 
recent  discovery  by  an  archseologist  of  the  building  laws  which  were 
in  force  during  the  reign  of  Hammurabi,  King  of  Babylon,  about 
2250  B.  G.  The  records}  of  this  wise  and  just  monarch  have  been 
deciphered,  and,  among  other  ordinances,  the  one  numbered  GOXXIX 
reads: 

*'If  a  builder  build  a  house  and  has  not  made  his  work  strong,  and 
the  house  has  fallen  in  and  killed  the  oy\  ner  of  the  house,  then  that 
builder  shall  be  put  to  death. " 

Further  ordinances  provide  that  the  builder's  son  shall  suffer  death, 
if  through  his  father's  negligence  the  son  of  the  householder  is  killed, 
and  so  on,  in  strict  conformity  with  the  Mosaic  doctrine  of  '*an  eye 
for  an  eye,"  through  the  various  members  of  the  household.  This  bit 
of  legal  history  is  respectfully  submitted  to  the  law  makers  of  Greater 
New  York  as  worthy  of  the  careful  and  reverent  consideration  to 
which  more  than  four  thousand  years  of  ** precedent"  would  seem  to 
entitle  it. 

F.  T.  LiiEWELiiYN,  Assoc.  M.  Am.  Soo.  0.  E. — Upon  reading  Mr.  Mr.  Llewellyn. 
Parsons'  description  of  the  collapse  of  the  Darlington  Building,  and 
recalling  the  other  detailed  articles  which  have  appeared  in  the  tech- 
nical journals,  it  is  evident  that  this  disaster  was  caused  by  the  ineffi- 
ciency of  the  columns,  as  stated  in  the  author's  concluding  paragraph; 

*  Engineering  News,  lHarch  84th,  1004,  p.  281. 

t  BuUdiDg  Code,  Fart  XXII,  Section  112. 

t  Id.  loc.  at. 

I  Editorial,  American  Architect  and  Building  News,  March  26th,  1004. 


594  DISCnSSIOK  ok  COLLAPSB  of  ▲  building.  [Papen. 

Mr.  LieweiiyD.  and  it  is  of  interest  to  inquire  if  the  Darlington  was  an  isolated  ease 
of  this  kind.  The  writer  has  looked  up  all  the  kindred  instances  of 
similar  disasters  of  which  any  record  was  available,  and  gives  a  short 
summarj  thereof,  with  his  sources  of  information,  so  as  to  see  what 
common  factor,  if  any,  there  may  be. 

The  earliest  reference  found  is  in  an  address*  gi\en  by  C.  T.  Purdy, 
M.  Am.  Soc.  0.  £.,  before  the  Boston  Society  of  Civil  Engineers, 
wherein  he  says: 

**  The  days  in  which  cast-iron  columns  will  be  used  in  the  con- 
struction of  high  buildings  are  fast  being  numbered.  It.would  hardly 
seem  necessary  to  compare  them  with  steel  columns  before  an  audi- 
ence of  ^ew  England  men,  if  we  will  but  recall  the  Pemberton  mill 
disaster  with  its  frightful  loss  of  life.  *' 

The  writer  has  not  been  able  to  secure  any  data  regarding  this  dis- 
aster, and  would  be  glad  to  learn  the  details. 

In  Engineering  News  of  May  24th,  1894,  is  described  the  distortion 
by  wind  of  the  nearly  constructed  building  at  No.  14  Maiden  Lane, 
New  York  City,  due  to  the  loosely  bolted  connections  of  the  cast-iron 
columns,  although  in  this  case  they  were  much  better  than  usual,  and 
the  framework  was  subsequently  pulled  back. 

In  Engineering  News  of  December  6th,  1894,  is  given  a  short 
account  of  the  failure  of  the  five-story  building,  belonging  to  the 
Montreal  Street  Railway,  which  also  had  cast  columns,  and  which, 
apparently,  gave  way  after  completion  by  the  crushing  of  a  wall. 

Begarding  the  collapse  of  the  nearly  finished  Ireland  Building  on 
West  Broadway  and  Third  Street,  New  York  City,  Engineering  News  of 
August  15tb,  1895,  says:  <'  The  prime  cause  of  the  accident  appears  to 
us  to  have  been  the  weakness  of  the  cast-iron  columns. "  In  a  later 
issue,  August  29th,  additional  evidence  seemed  to  show  that  faulty  foun- 
dations were  the  primary  cause. 

Commenting  on  the  failure  of  the  Brown  Soap  Factory  building,  on 
Twelfth  Avenue,  between  Fifty-first  and  Fifty -second  Streets,  New 
York  City,  The  Engineering  Record  of  June  12th,  1897,  after  criticising 
in  detail  the  cast-column  construction,  says:  "  Cast-iron  columns  are 
a  source  of  great  danger  wherever  they  are  used,  as  we  have  frequently 
shown,  and  no  safety  factor  can  remove  that  danger.'*  And  Engineer- 
ing News  of  June  17th,  1897,  concludes  an  exhaustive  review  of  the 
same  structure  with  the  following: 

**  Since  the  failure  of  the  Ashtabula  Bridge,  twenty  years  ago,  no 
bridge  engineer  has  dared  to  risk  the  safety  of  a  bridge  upon  the  lug 
of  a  cast-iron  column.  Will  it  require  a  disaster  of  similar  extent  to 
awaken  engineers  and  architects  to  their  fatuity  in  continuing  the 
use  of  such  cast-iron  columns  with  all  their  hidden  defects  and  their 
eccentrically  loaded  lugs  in  buildings  the  failure  of  which  may  cause 
the  loss  of  hundreds  of  lives?" 

The  collapse  of  the  Darlington  Building,  in  which  the  columns 
were  cast  iron,  is  added  to  complete  the  list. 

*  JoumcU  of  the  Agsociation  of  Engineering  Societies^  March,  1806. 


Papers.]         DISGUSSIOlSr  ON   00LLAP8B  OF  ▲  BUILDINQ.  595 

It  is  noted,  of  course,  in  each  of  the  cases  cited  that  cast-iron  col-  Mr.  Llewellyn, 
nmns  were  used  in  every  instance.  After  a  search  through  all  the 
accessible  records,  the  -writer  has  been  unable  to  find  any  case  of 
failure  through  the  use  of  steel  columns,  and  if  such  exist  he  would 
appreciate  a  description  of  the  details.  Although  some  of  these  failures 
were  probably  induced  by  other  causes,  many  of  them  seem  to  have 
resulted  directly  from  defective  cast  columns,  and  in  all  cases  the  col- 
lapse was  intensified  by  their  lack  of  stiffness.  It  may  be  of  interest, 
therefore,  to  summarize  briefiy  the  properties  of  cast  iron  as  used  in 
the  columns  of  high  buildings,  passing  over  the  uncertainty  regard- 
ing hidden  internal  defects  in  their  pouring  and  cooling  as  sufficiently 
well  known,  and  assuming  their  manufacture  and  details  to  be  up  to 
the  standard. 

1. — It  is  impracticable  to  connect  a  cast-iron  column  with  the  ones 
immediately  above  or  below  it  by  any  kind  of  splice  joint  which  will 
preserve  their  continuity,  as,  on  account  of  the  danger  of  cracking 
the  castings  by  riveting,  the  flanges  must  be  bolted,  and,  almost  inva- 
riably, the  bolts  are  a  loose  fit.  Also  the  weakness  under  tension  of 
the  cast  flanges  (which  it  is  very  hard  to  pour  sound)  makes  them  a 
poor  medium  to  transmit  the  pull  of  the  bolts.  Hence  a  stack  of  cast 
columns  is  little  more  than  a  lot  of  those  toy  wooden  pillars  we  used 
to  pile  end  on  end  when  we  were  children. 

2. — This  instability  could  be  decreased  if  each  story  column  were 
braced  by  a  rigid  connection  with  the  horizontal  girders  and  beams, 
but,  again,  the  impracticability  of  riveting  and  the  tensile  weakness  of 
the  cast  lugs  result  in  a  loose  joint,  which  leaves  the  effective  unbraced 
length  of  the  columns  the  full  height  of  the  building  instead  of  story 
lengths,  and  throws  out  the  usual  formulas  of  strength. 

3. — The  best  specifications  require  the  projecting  brackets  to  be 
given  a  slight  slope  downward,  in  order  to  throw  the  load  of  the  sup- 
ported beams  as  close  as  possible  .to  the  column  and  relieve  the 
tension  on  the  cast  shelves,  but,  in  ordinary  foundry  practice,  the 
accuracy  of  this  slope  cannot  be  ensured.  Neither  does  it  seem  desira- 
ble to  reinforce  the  column  at  the  brackets  by  an  internal  diaphragm, 
for,  apart  from  the  additional  expense  in  the  moulding,  there  would 
arise  such  uneven  cooling  stresses  as  would  weaken,  rather  than 
strengthen,  that  place. 

In  a  word,  cast  iron  has  proved  itself  to  be  a  dangerous  material 
for  use  in  the  columns  of  high  buildings,  and  the  Darlington  disaster, 
as  reported  by  Mr.  Parsons,  is  merely  one  more  object  lesson.  Can 
we  afford  to  look  with  unconcern  upon  such  construction  for  those 
members  upon  which  depend  the  entire  strength  of  our  buildings  and 
the  safety  of  much  life  and  property?  All  railroad  engineers  have 
long  since  vetoed  the  use  of  cast  iron  for  bridges,  and,  neglecting  the 
commercial  side,  united  effort  should  be  made  to  bar  this  material 
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Ur.  Llewellyn,  from  use  as  columns  in  any  but  low  and  simple  buildings.  It  is  un- 
derstood that,  among  other  things,  the  prudenoe  exhibited  in  the 
design  of  railroad  bridges  is  recognized  by  the  insurance  companies, 
who  place  a  premium  upon  the  security  of  railroad  trayel  by  paying 
twice  the  amount  of  their  ordinary  policies  in  case  of  accidents  while 
traveling  on  the  railways.  The  same  protection,  of  course,  would  be 
best  afforded  by  the  employment  of  only  competent  engineers  to  co- 
operate with  architects  in  the  design  of  tall  or  hazardous  buildings, 
but,  as  this  desideratum  cannot  always  be  controlled,  the  building 
codes  of  our  great  cities  should  be  amended  so  as  to  make  impossible 
the  flimsy  structures  now  only  too  common.  As  stated  in  a  recent 
editorial  on  this  subject,  with  steel  columns  a  wholly  satisfactory 
design  is  possible  in  all  cases,  while  the  limitations  of  cast  iron  are 
firmly  fixed. 

No  reference  has  been  made  to  the  action  of  cast  iron  in  fires,  nor  to 
its  durability  against  corrosion,  nor  to  its  actual  strength,  these  matters 
being  foreign  to  the  paper,  but  it  is  suggested  that  the  whole  question 
of  the  behavior  of  cast  iron,  steel  and  other  columns,  under  the  vari- 
ous possible  conditions,  would  form  a  most  interesting  and  pregnant 
subject  for  another  discussion.  The  writer  would  commend  this  to 
the  notice  of  the  proper  committee. 
Mr.  WbJske-  James  P.  Whiskbican,  Assoa  M.  Am.  Soc.  C.  E.—The  speaker  was 
detailed  to  make  a  report  on  the  collapse  of  the  so-called  Darlington 
Hotel,  and  was  on  the  premises  until  the  wreckage  was  all  cleared 
away.  Without  going  into  details,  which  are  covered  by  Mr.  Parsons' 
paper,  the  following  can  be  added  to  what  has  already  been  stated. 

The  details  for  the  framing  were  defective  in  the  following  respects: 
Not  all  the  columns  were  eccentrically  loaded,  but  the  majority  of 
them  were.  The  worst  cases  were  in  the  wall  columns.  The  seats  for 
the  channels  nearest  the  walls  (which  were  also  girders)  projected  some 
91  ins.  from  the  face  of  the  column.  To  this  column  the  channel t» 
were  bolted  with  one  f-in.  bolt  about  8  ins.  from  the  face  of  the  col- 
umn, and  with  no  bracket  connection.  The  plans  showed  these  chan- 
nels framing  into  a  9-in.  X'beam,  which  was  to  be  framed  close  to  the 
column,  on  proper  seats  and  with  a  standard  bracket.  In  curtain- wall 
construction,  eccentric  loading  is  quite  common,  as  it  is  desirable  to 
have  the  columns  embedded  in  the  walls  without  offsets  or  projections 
on  the  interior  of  the  walls.  The  columns  supporting  the  walls  were 
eccentrically  loaded,  but  the  girders  remained  level  and  the  columns 
plumb  after  the  fall. 

The  column  flanges  should  have  extended  around  the  four  sides  of 
the  columns,  instead  of  on  two  sides  only.  This,  together  with  proper 
bolting,  would  have  given  additional  strength  and  rigidity  to  the 
framing. 

The  interior  columns  on  the  front  and  rear  were  not  braced  prop- 
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erly  in  a  longitudinal  direction.  The  beams,  instead  of  framing  into  Mr.  Whiske- 
the  columns,  were  framed  to  the  g^irders  on  each  side  of  the  columns, 
and,  therefore,  were  not  properly  supported  in  this  direction  at  eyery 
floor.  The  majority  of  the  columns  broke  at  the  flanges.  The  bolting 
appeared  to  be  loose,  and,  as  the  threads  were  not  stripped,  it  would 
appear  that  the  columns  were  not  properly  bolted  together.  The  bolts 
on  one  side  were  probably  loosened  in  plumbing,  and,  as  no  shims 
were  used,  the  load  was  concentrated  more  or  less  on  the  opposite 
flange.  The  metal  in  the  flanges  was  honeycombed  and  full  of  im- 
purities. 

There  was  also  loose  and  insufficient  bolting  in  the  beam  and  girder 
framing.  In  one  case  three  bolts  were  omitted  from  a  possible  four; 
in  another  case  two  bolts  out  of  a  possible  four.  But  even  where  these 
bolts  were  omitted  the  parts  remained  framed  together.  An  8-in. 
X-beam  was  found  in  the  wreckage  bolted  at  one  end  to  part  of  a  7  by 
7  by  1-in.  column  with  one  bolt,  and  to  a  lug  of  a  column  at  the  other 
end  with  one  bolt.  This  beam  had  two  holes  at  each  end  close  to  the 
bolt  holes  and  was  weak,  but  the  connection  was  stronger  than  the 
columns. 

The  cinder  concrete  of  the  floor  arches  was  disintegrated  in  the 
fall,  but  this  was  due  to  the  fact  that  it  had  not  set  properly.  The 
•centering  had  not  been  removed.  Several  specimens  of  this  concrete 
preserved  in  a  warm  room  became  very  hard  in  a  few  days. 

As  to  the  amount  of  material  stored  on  the  floors  of  the  building, 
owing  to  frequent  complaints  from  the  neighbors,  material  was  re- 
moved from  the  street  as  soon  as  possible  after  its  delivery,  and  stored 
in  the  building.  On  the  first  floor,  back  of  the  light-shaft  and  against 
the  west  wall  was  piled  a  lot  of  Bosendale  cement  in  bags  and  barrels, 
producing  a  live  load  of  260  lbs.  per  square  foot  on  this  floor,  which 
was  calculated  to  stand  safely  60  lbs. ;  but  the  floor  did  not  fail  on 
tbis  account.  On  the  upper  floor  was  distributed,  ready  for  erection, 
or  in  piles,  considerable  iron  and  steel.  In  the  neighborhood  of  Col- 
umn 37,  about  twenty  pieces  of  im erected  iron  were  found  in  the 
wreckage.  About  80  tons  of  unerected  material  were  found  in  the 
ruins. 

The  derrick  used  for  hoisting  iron  was  supported  on  the  top  of  the 
framework,  and  in  the  center  of  the  building  near  the  front.  The  der- 
rick had  a  boom  probably  60  ft.  long.  How  well  the  weight  of  the 
derrick  was  distributed,  or  the  framework  temporarily  reinforced,  it 
is  hard  to  say,  but  it  can  be  surmised  that  it  was  not  properly  done. 
It  was  also  probably  guyed  to  the  structure  in  such  a  way  as  to  strain 
it  excessively.  The  derrick  was  not  in  use  on  the  day  of  the  collapse. 
There  were  frequent  complaints  from  the  adjoining  tenants  that  the 
boisting  of  materials  in  the  elevators  caused  their  buildings  to  vibrate. 

The  building  was  out  of  plumb  at  various  times  from  6  to  18  ins., 
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Mr.  Whlske-  and  was  never  properly  sway-braced  before  or  after  it  was  pulled  back. 
Excessive  flange  strains  were  produced  in  this  way,  which  could  cause 
the  building  to  collapse  at  a  later  date.  Columns  86  and  37  were  not 
braced  properly  longitudinally,  and  should  be  treated  as  long  columns, 
and  one  of  these  broke  about  half-way  up,  or  in  the  5th  story,  and 
fell.  On  account  of  the  lack  of  rigidity,  the  entire  mass  was  precip- 
itated toward  these  columns.  Columns  34,  36  and  37  were  the  only 
ones  broken  off  in  the  basement.  None  of  the  foundations  failed  in 
the  slightest  degree. 

The  overloading  of  the  floors,  by  the  iron  or  by  the  derrick,  the 
loose  bolting  of  all  members,  the  lack  of  longitudinal  supports  for 
the  columns,  the  building  being  out  of  plumb  and  never  properly 
sway-braced,  all  combined  to  cause  the  complete  collapse,  which  any 
one  of  them  was  sufficient  to  induce. 

The  structural  engineer  has  learned  nothing  new  from  this  collapse, 
as  some  or  all  of  the  defects  noted  can  be  found  in  other  buildings  of 
the  same  class. 

The  designing  of  buildings  of  this  class  is  considered  in  much  too 
light  a  vein,  and,  as  the  operation  is  more  or  le&s  a  speculation,  the 
temptation  exists  to  make  the  structure  too  light  at  the  expense  of 
rigidity  and  stiffness.  On  account  of  the  height  being  less  than  four 
times  the  width,  no  permanent  wind  bracing  is  provided  and  as  little 
temporary  bracing  as  can  conveniently  be  put  in.  Reliance  is  placed 
on  the  curtain  walls  and  fire-proof  floors  to  stiffen  the  structure,  but, 
in  reality,  the  framework  is  sometimes  nearly  completed  before  the 
walls  are  begun,  therefore  elements  of  strength  are  depended  upon 
which  rarely  exist  until  the  building  is  completed. 

Oast-iron  columns  are  not  readily  adapted  for  the  design  of  any 
other  than  direct  central  loading.  It  is  difficult  to  provide  good  de- 
tails, and,  in  some  cases,  impossible  when  the  loading  is  eccentric  and 
there  is  little  rigidity  against  forces  tending  to  distort  the  structure. 
The  factor  of  safety  generally  used  is  about  2.7,  which  is  not  enough 
for  any  columns  except  those  centrally  loaded.  It  would  be  good 
practice  to  limit  their  use  to  buildings  of  75  ft.  in  height,  and  to  build- 
ings of  greater  height  only  when  they  have  a  very  broad  base. 

Section  112  of  the  New  York  Building  Code  prescribes  the  mini- 
mum size  of  cast-iron  columns  as  5  ins.  and  the  minimum  thickness  as 
3  in.  In  the  upper  stories  of  buildings  of  this  class,  on  account  of  the 
light  loading,  it  is  found  cheaper  to  use  light  steel  sections  in  pref- 
erence to  cast  iron,  and  single  X-beams,  channels  and  two  angles, 
therefore,  are  often  used  for  columns.  Little  attention  is  paid  to 
detailing,  excepting  to  put  in  connections  a  sufficient  number  of 
rivets  for  shear  and  bearing.  These  columns  are  little  or  no  bettor 
than  if  cast  iron  were  used,  and  are  sometimes  so  slender  as  to  make 
them  less  desirable.  The  columns,  taken  as  a  whole,  from  top  to 
bottom  are  plumb,  but  zigzag  from  story  to  story. 
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Id  a  building  which  came  under  the  speaker^s  observation  recently,  Mr.  Wbiske- 
the  equivalent  direct  load  due  to  an  eccentricity  of  about  16  ins.  was        ™*°" 
more  than  the  direct  load  on  the  column. 

The  following  illustration  will  show  to  what  extent  the  saving  of 
material  is  carried  In  a  building  of  this  character,  just  now  being 
completed,  the  girders  next  to  the  walls,  which  were  very  eccentrically 
framed  to  the  columns,  were,  in  addition,  cantilevered  on  each  side 
beyond  the  column,  so  that  the  spans  of  the  adjacent  girders  were 
reduced  by  the  amount  of  the  projection,  and  lighter  sections  were 
used  in  these  panels. 

In  another  instance,  the  cast-iron  columns  were  eccentricaUy 
loaded  simply  because  the  girders  had  been  ordered  too  short  and 
the  column  seats  and  brackets  were  extended  to  meet  the  short 
girders. 

It  is,  perhaps,  a  little  foreign  to  the  subject,  but,  in  tenement- 
house  construction,  even  more  so  than  in  the  apartment  hotels,  the 
proper  detailing  of  iron  is  not  more  than  approximated.  In  a  corner 
tenement  house  the  entire  first  stoiy  on  two  sides  is  left  open  for 
stores,  and  the  walls  above  are  supported  on  girders  and  columns, 
the  columns  resting  on  piers  in  the  basement.  The  columns  are  rarely 
provided  with  shoes  or  caps;  the  girders  simply  rest  on  the  columns, 
and  are  not  bolted  to  them.  Where  two  sets  of  girders  meet,  they 
are  strapped  together  with  a  narrow  plate  placed  across  the  joint 
diagonally  and  bolted  somewhere  on  each  side  with  one  bolt,  usually 
the  separator-bolt.  This  joint;  could  open  1  in.  without  even  straining 
the  strap.  No  attempt  is  made  to  tie  or  anchor  the  columns,  and,  when 
a  pier  settles,  on  account  of  the  lack  of  rigidity,  the  building  partly 
or  wholly  collapses. 

In  one  case,  a  narrow  column,  supporting  a  front  and  not  pro* 
vided  with  a  bottom  flange  or  shoe,  on  account  of  the  concentrated 
load  in  the  center  of  a  poorly -bedded  pier  cap,  cracked  the  cap  and 
the  front  coUapsecl. 

In  another  instance,  practically  the  whole  of  a  six-story  tenement 
house,  in  process  of  completion,  collapsed  by  the  undermining  of  a 
single  pier. 

There  is  practically  no  engineering  at  all  in  tenement-house  con- 
struction. 

The  design  for  the  framing  of  apartmeot-hotel  buildings  is  a 
problem  for  treatment  by  a  competent  structural  engineer,  but  is 
more  often  solved  by  the  use  of  tables  which  are  but  poorly  under- 
stood and  applied  accordingly.  In  some  cases  the  engineer  or  archi- 
tect who  knows  better  will  prostitute  good  design  to  cheapen  the 
cost. 

This  is  one-half  the  solution  of  the  problem;  the  solution  of  the 
other  half  is  the  employment  of  a  competent  superintendent  on  the 
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Mr.  whidce*  premises  to  see  that  the  work  is  executed  properly  and  that  no  nndne 
"''^'       strains  come  upon  the  uncompleted  structure. 

The  solution  of  this  problem  is  competent  engineering  on  the 
designs  and  proper  superintendence  in  the  field. 
Mr.  Waita.  GuY  B.  Watte,  Assoo.  M.  Am.  Soo.  C.  E.  (by  letter).— The  general 
conditions  of  construction  at  the  Hotel  Darlington  appear  to  be  about 
the  same  as  the  average  conditions  in  the  construction  of  most  of  the 
apartment  hotels  erected  in  New  York  Oity  at  the  present  time. 

Since  the  building  laws  of  New  York  City  have  permitted  non- 
bearing  walls  to  be  carried  on  their  own  foundations,  most  of  these 
hotels  have  been  constructed  with  steelwork  to  carry  the  foundations, 
only. 

The  steel-floor  systems  are  designed  to  carry  live  loads  of  60  lbs. 
per  square  foot,  and  dead  loads  of  from  60  to  70  lbs.  per  square  foot, 
making  a  total  of  from  120  to  130  lbs.  per  square  foot. 

To  carry  these  floor  loads  economically,  the  floor  beams  are  gener- 
ally spaced  at  about  6-ft.  centers. 

The  interior  columns  are  studiously  located  by  the  architect,  who 
places  them  as  much  out  of  the  way  as  possible,  in  partitions,  etc. 
The  outside  columns  can  usually  be  located  with  greater  freedom 
than  the  interior  columns,  and  may  be  located  to  get  better  results  for 
stiffening  the  building  laterally. 

A  paper*  bearing  on  the  subject  of  constructing  high  buildings  for 
resisting  lateral  forces  was  presented  to  this  Society  in  1894.  This 
paper  was  presented  at  a  time  when  the  construction  of  high  buildings 
was  comparatively  new,  and  there  was  no  specific  building  code  in 
New  York  City  regulating  them.  There  were  no  established  precedents 
among  designers  for  the  lateral  stiffening  of  the  buildings,  and  there 
was  no  law  referring  thereto. 

The  writer,  who  then  had  the  examination  into  these  constructions 
for  the  Department  of  Buildings,  was  obliged  to  act  arbitrarily  on 
eccentricities  of  construction.  There  were  many  narrow  and  high 
buildings  proposed,  without,  as  he  believed,  safe  construction  for  re- 
sisting lateral  forces.  The  discussion  which  followed  this  paper  ap- 
plies with  equal  force  to  the  Hotel  Darlington  and  similar  buildings. 

In  the  paper  referred  to,  all  parts  of  the  finished  structure  which 
were  capable  of  aiding  in  lateral  resistance  were  considered.  Parti- 
tions, walls,  and  steelwork,  with  the  connections,  were  the  principal 
factors.  Partitions  are  almost  insignificant  factors  in  ordinary  build- 
ing construction.  The  walls  and  the  steelwork  are  the  important 
factors  for  lateral  resistance,  as  usually  constructed.  If  the  walls  are 
not  pierced  too  much  with  openings,  they,  undoubtedly,  form  the 
main  factors  in  actual  practice. 

Where  walls  are  to  supply  the  principal  lateral  stiffoess  to  a  bnOd- 
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ing,  it  would  seem  as  though  these  walls  should  be  carried  up  with  Mr.  Waite. 
the  steel  construction,  or  that  suitable  temporary  lateral  braces  should 
be  provided  until  the  walls  can  be  carried  up  to  the  top  of  the  steel 
construction. 

While  walls  appear  to  be  generally  relied  on  to  furnish  the  lateral 
stiffness  of  buildings,  it  is  believed  that  the  Hotel  Darlington  disaster 
shows  the  danger  of  depending  too  much  on  this  one  factor. 

The  writer  believes  that  the  steel  construction  with  its  connections 
should  be  sufficient  to  hold  the  steel  skeleton  plumb  until  the  walls 
<3an  be  carried  up. 

As  deduced  in  the 
former  paper,  lateral 
forces  may  sometimes 
develop  stresses  (which 
increase  from  the  top 
toward  the  bottom  of 
the  building)  which  be- 
come excessive  if  the 
building  is  very  high. 

In  the  Hotel  Darl- 
ington, as  the  condi- 
tions are  understood, 
the  walls  not  being  car- 
ried up  with  the  steel- 
work, the  columns  and 
girders  with  their  con- 
nections formed  the 
main  resistance  to  lat- 
eral forces  from  the  top 
down  to  the  place  where 
the  exterior  walls  were 
finished.  These  lateral 
forces  were  probably 
sufficient  at  or  about  the 
4th  floor  (where  the  wall 
was  stopped)  to  break 
the  cast-iron  columns 
at  their  connections.  Fia.  7. 

The  two  re-entrant  light-court  walls,  located  midway  between  the 
front  and  the  rear  of  the  building,  were  favorable  features  of  con- 
struction, adapted  to  give  lateral  strength  to  the  narrow  way  of  the 
building.    - 

Had  the  structure  been  held  in  position  until  these  walls  were  con. 
structed,  and  until  the  floor  arches  were  solid  and  capable  of  acting 
in  the  capacity  of  horizontal  trusses — conveying  lateral  stresses  to 
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Mr.  Waite.  points  of  greatest  resistance — 
probably  nothing  extraordinary 
would  have  been  heard  of  the 
Hotel  Darlington. 

While  the  spacing  of  floor 
beams  and  the  location  of  interior 
columns  was  bad,  in  that  there 
was  not  a  direct  connection  with 
the  columns  in  every  case,  this 
need  not  be  a  defect  in  the  con- 
struction. Providing  other  parts 
of  the  structure  have  requisite  lat- 
eral strength,  and  the  floor  system 
is  capable  of  transmitting  the  lat- 
eral forces  to  these  stiffened  parts, 
these  interior  columns  need  only 
be  supporting  columns. 

The  writer  now  believes,  as 
firmly  as  he  did  when  preparing 
the  paper  ten  years  ago,  that  not 
providing  for  lateral  resistance  in 
steel  construction  is  dangerous. 

The  writer  was  associated  for 
several  years  with  iron  and  steel 
contractors  who  were  also  engaged 
in  the  manufacture  of  cast  iron, 
and  therefore,  they  desired  to  use 
cast-iron  columns  where  practica- 
ble. The  practice  was  to  use  oast- 
iron  columns  for  heavier  loads,  in 
lower  stories,  and  steel  columns 
for  the  lighter  loads,  in  upper 
stories — the  latter  being  more  eco- 
nomical for  very  light  loads  than 
the  former. 

In  order  to  insure  positively 
rigid  connections,  for  resisting  lat- 
eral forces,  steel  connections  were 
riveted  to  the  beams  (which  were 
to  be  connected  to  columns)  in 
the  shop,  and  were  connected  to 
the  cast  columns,  as  shown  in 
Figs.  7,  8  and  9,  by  bolts  which 
could  be  brought  up  taut. 

The  connections  shown  in  Fig.  7 
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were  need  in  the  narrow  skeleton-  constructed  btiildinf?6  No.  64  Pnlton  Mr.  Waite. 
Street,  25  ft.  wide  and  nine  stories  high,  and  No.  708  Broadway,  25  ft. 
wide  and  ten  stories  high,  where  beams  were  spaced  at  about  6.5  ft. 
centers  and  were  connected  at  each  end  to  cast-iron  X-shaped  columns 
in  the  lower  stories,  and  to  channel-steel  columns  in  the  upper  stories. 
Where  the  floor  loads  were  too  heavy  for  the  bolts  shown  in  Fig.  7, 
connections  were  made  to  the  column  seats  as  shown  in  Fig.  8. 

Rigid  connections  have  been  made  to  cast-iron  columns  by  shop- 
riveting  angles  to  the  sides  of  girders,  and  bolting  through  the  col- 
umns, as  shown  in  Fig.  9. 

The  flange  punching  for  the  connections  shown  in  Figs.  7  and  8  is 
an  additional  expense,  but,  where  any  great  resistance  is  required, 
the  advantages  gained  will  more  than  compensate  for  this  cost. 

C.  C.  Sghneideb,  M.Am.   Soc.  C.   E. — This  paper  illustrates  only  Mr.  Schneider, 
one  of  the  many  examples  of  poor  building  construction,  and  also  one 
of  the  many  abuses  of  cast  iron  in  such  structures. 

A  careful  observer  will  notice  many  structures,  similar  to  the  Dar- 
lington Hotel,  which  would  have  collapsed  under  similar  conditions. 

In  examining  the  design,  the  speaker  was  impressed  with  the  in- 
competence of  the  designer,  bis  lack  of  knowledge  of  even  the  first 
principles  of  structural  designing  and  his  presumption  in  undertaking 
a  piece  of  work  for  which  he  was  not  fitted. 

The  speaker  is  prratified  to  know  that  no  member  of  our  profession 
had  anything  to  do  with  the  designing  and  construction  of  this  struct- 
ural monstrosity,  but  that  this  design  was  made  by  a  mechanic  whose 
experience  and  knowledg^e  of  building  construction  was  very  limited. 

In  designing  this  structure,  no  attempt  was  made  to  insure  lateral 
stability  or  provision  for  wind  pressure  during  erection. 

The  speaker  endorses  the  author's  conclusion,  that  the  sfructure 
coUapded  because  of  lack  of  lateral  support  for  the  story  columns. 

The  metal  framework  of  a  building  of  the  skeleton  type  of  con- 
struction is  a  complete  structure  in  itself  during  erection,  and  should 
be  treated  as  such ;  that  is,  it  should  be  self-supporting  before  the  walls 
and  floors  are  completed,  and  in  that  condition  be  strong  enough  to 
resist  the  wind  forces  on  all  exposed  surfaces,  and  such  additional 
strain  as  may  be  expected  during  erection. 

The  speaker  has  always  adhered  to  these*  principles  in  his  own  prac- 
tice, and  has  found  that  if  provision  is  made  for  the  usually  assumed 
wind  pressure  of  30  lbs.  on  every  square  foot  of  exposed  surface  of  the 
metal  framework,  the  structure  is  generally  strong  enough  to  resist 
such  additional  strain  as  may  occur  during  erection;  for  instance,  the 
lateral  strains  produced  by  a  swinging  derrick,  etc. 

There  is  one  feature  in  the  metal  structure  of  the  Darlington  Hotel 
which  deserves  severe  criticism,  and  that  is  the  use  of  cast-iron 
columns  in  a  building  about  144  ft.  high. 
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Mr.  Schneider.  Experience  has  taught  us  that  cast  iron  is  unsafe  and  unreliable 
as  a  material  for  structural  purposes,  and,  for  that  reason,  it  has 
been  entirely  discarded  in  the  construction  of  bridges  of  all  kinds  for 
many  years. 

In  this  case,  cast  iron  was  used  in  combination  with  poor  details. 

The  designer  followed  the  foundryman's  practice  of  carrying  the 
beams  or  girders  on  brackets  cast  on  the  columns,  which,  however,  the 
speaker  does  not  consider  good  practice. 

The  brackets  are  generally  unreliable,  as  yery  frequently  they  are 
full  of  blow-holes,  without  showing  any  defect  on  the  outside;  this 
fact  is  also  verified  by  the  author's  observation. 

In  view  of  these  ever-occurring  disasters,  it  seems  that  something 
should  be  done  to  protect  human  life  against  accidents  of  this  kind, 
which  might  have  been  avoided  if  such  structures  were  properly 
designed  and  inspected. 

A  competent  and  reputable  engineer  needs  neither  building  law  nor 
supervision;  however,  as  we  cannot  compel  owners  of  buildings  to 
employ  competent  engineers,  it  becomes  necessary  to  have  proper  and 
strict  supervision  over  all  structures  of  this  kind. 

The  people  generally  rely  on  the  building  departments  for  protec- 
tion against  unscrupulous  contractors  and  ignorant  pretenders. 
Therefore,  the  building  department  of  every  municipality  should 
employ  a  sufficient  number  of  competent  engineers  to  enable  them  to 
examine  the  designs  properly  and  carefully  and  inspect  the  work  of 
all  structures  within  its  jurisdiction. 

This  supervision  should  not  be  perfunctory,  but  thorough.  If  a 
design  is  not  safe,  it  should  be  rejected,  even  if  it  conforms  to  the 
letter  of  the  building  law. 

It  should  be  the  duty  of  the  building  department,  and  that  depart- 
ment should  have  the  power  to  see  that  all  structures  are  safe,  first, 
last  and  all  the  time,  with  or  without  building  laws. 

The  indiscriminate  use  of  cast  iron  should  be  prohibited.  It  should 
be  confined  to  ornamental  work,  column  bases,  or  such  other  parts  as 
are  only  strained  in  direct  compression. 

Cast-iron  columns  should  be  ruled  out  in  all  buildings  over  four 
stories  high. 
Mr.  Lowinson.  OsGAB  LowiNsoN,  Assoc.  M.  Am.  Soc.  0.  E.— The  discussion  thus 
far  has  demonstrated  that  certain  fundamental  errors  in  construction 
were  committed  in  the  erection  of  this  building.  It  has  also  brought 
out  the  fact  that  engineers,  apparently,  are  not  agreed  as  to  what 
constitutes  safety  in  construction. 

One  sees  public  departments  of  a  great  city,  under  whose  absolute 
control  the  construction  of  buildings  is  supposed  to  be,  permitting  to 
be  erected  structures  which  engineers  have  stated  should  not  have 
been  built. 
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The  fact  that  the  Darlington    was    constrncted    with   oast-iron  ^j..  Lowinson. 
columns  has  brought  out  the  statement  that  such  a  building  cannot 
be  built  and  assurance  be  given  that  it  will  be  safe. 

Some  thirty  years  ago,  because  of  a  disaster  caused  by  the  collapse 
of  a  bridge,  our  bridge  engineers  decided  almost  unanimously  that 
cast  iron  has  no  place  among  the  main  structural  members  of  a  bridge 
subject  to  shock;  so  that«  when  we  hear  prominent  engineers  state 
that  cast  iron,  by  reason  of  its  unreliability,  has  no  place  in  a  building, 
there  is  room  for  serious  reflection  and  discussion. 

The  problems  connected  with  apartment  hotel  construction  in 
New  York  City  are  somewhat  different  from  those  in  commercial 
buildings.  In  the  first  place,  the  buildings  being  purely  speculative, 
the  designers  have  been  compelled  to  exercise  every  device  possible 
to  enable  them  to  secure  the  completion  of  the  buildings  at  a  minimum 
of  cost;  and,  as  the  buildings  must  be  sold  as  soon  as  possible,  there 
are  no  responsibilities  other  than  moral,  and  as  long  as  the  building 
stands  together  until  sold,  the  only  controlling  influences  are  the 
conscience  of  the  owner  and  the  restriction  of  the  public  authorities. 

The  result  of  this  striving  for  economy  is  seen  in  the  forms  of 
construction  adopted  by  structural  designers.  In  buildings  of  this 
class,  of  which  there  are  a  great  many  either  lately  finished  or  now  in 
process  of  construction,  cast-iron  columns  are  generally  used  in  the 
lower  stories,  and,  because  of  the  restrictions  of  the  building  code  as 
to  the  minimum  diameter  and  thickness  of  columns,  the  five  or  six 
upper  stories  of  these  buildings  are  usually  supported  on  structural 
members,  which  are  either  X-beams,  channels,  or,  in  some  cases,  even 
single  angles,  so  that,  on  seeing  such  a  structure,  one  cannot  compre- 
hend how  it  is  physicaUy  possible  to  transfer  the  load  to  these  columns, 
even  though  they  are  able  to  carry  it  if  it  were  once  properly  placed 
upon  them. 

A  statement  of  the  conditions  existing  in  connection  with  the  con- 
struction of  buildings  of  this  class,  while  not  pertinent  to  this  ques- 
tion, is  deserving  of  recognition  because  of  its  eflect  upon  professional 
work,  and  these  conditions  will  be  described  briefiy. 

The  DarUngton  is  typical,  and  the  owners  of  the  building  organized 
into  a  company  for  the  express  purpose  of  constructing  it.  In  no  way 
had  anyone  in  this  company  ever  been  connected  with  the  responsi- 
bility of  the  construction  of  a  building  before. 

A  firm  of  architects  (whose  sole  business  is  to  draw  plans  and  make 
applications  to  the  public  departments  for  the  necessary  permits  for 
construction)  was  employed,  at  a  fee  which  was  about  one-tenth  the 
schedule  rate,  adopted  by  the  American  Institute  of  Architects,  for 
this  service. 

No  arrangements  whatever  were  made  for  superintendence,  the 
owner  doing  his  own  superintending. 
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Mr.  LowinsoD.  The  owner  takes  estimate  of  both  labor  and  materials  on  each  item 
of  the  work.  In  cases  where  materials  will  be  delivered  to  a  contractor 
bj  a  firm,  the  owner  tries  to  get  the  contractor  to  supply  these  (sub- 
ject to  the  lowest  prices),  as  he  is  thereby  enabled  to  shift  the 
responsibility  to  the  contractor.  Otherwise,  the  owner  snpplies  the 
material  and  the  contractor  the  labor. 

The  owner  depends  on  the  municipal  authorities  to  see  that  the 
labor  will  be  performed  properly  and  usually  does  not  concern  himself 
with  them  until  he  receives  a  notice  from  one  of  the  public  depart- 
ments that  the  law  is  being  violated  and  that  he  has  incurred  a  finan- 
cial penalty  thereby.  His  interests  are  in  the  finished  details,  such 
matters  as  appeal  to  the  eye  and  will  help  make  a  sale  of  the  building. 

It  must  be  borne  in  mind  that  the  owner's  financial  interests  are 
usually  very  little,  if  any,  and  he  looks  to  his  profits  by  the  increased 
amount  received  at  a  sale  over  the  cost  of  the  structure  and  land. 

In  the  case  in  point,  it  is  not  worth  while  to  enter  into  a  detailed 
discussion  of  any  other  item  than  of  structural  ironwork. 

The  architects  prepared  a  set  of  framing  plans,  and  the  Bureau  of 
Buildings  issued  permits,  on  the  assumption  that  the  details  did  not 
require  examination. 

Because  of  the  intimate  relationship  between  the  structural  iron- 
work and  fire-proof  flooring  systems,  it  has  become  customary  for  the 
firms  installing  the  floor  systems  to  prepare  a  framing  plan  most 
economical  for  their  system.  In  this  case,  the  various  fire-proof 
firms  easily  showed  the  owners  that  they  could  save  a  sum  (in  the 
case  of  the  system  adopted)  of  $6  000  by  using  different  spacing  and 
lighter  members  in  the  fioor  construction. 

Of  course,  there  being  no  engineer  or  other  intelligent  person 
knowing  anything  about  construction,  this  economy  was  adopted. 
(It  appears  strange  that  the  owners  of  all  these  buildings  never  called 
their  architects  to  task  for  this  apparent  waste  of  material  and 
money.) 

The  iron  contract  for  finishing  and  erecting  the  building  was  left 
to  a  firm  composed  of  two  persons,  one  of  whom  knew  nothing  about 
iron  or  buildings,  other  than  would  be  known  by  any  ordinary  lay- 
man, and  the  other  had  had  experience  (as  he  stated  at  the  coroner's 
inquest)  in  heating  rivets  at  a  forge,  and  helping  screw  up  bolts  on 
some  large  buildings  where  he  had  been  employed  previous  to  going 
into  business  for  himself.  Previous  to  taking  this  contract,  they  had 
built  some  fire-escapes  and  had  taken  a  few  small  contracts.  This 
was  their  first  real  venture. 

They  realized  immediately  that  it  was  necessary  to  have  help  from 
somebody  who  knew  something  about  ironwork,  and  a  man  was 
employed,  at  a  salary  of  about  $16  a  week,  for  this  purpose.  This 
man,  apparently,  had  had  some  experience,  and,  examining  the  plans 
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which  had  been  prepared  by  one  of  the  flre-proof  companies,  and  Mr.  Lowioson. 
nnder  which  the  contract  was  taken,  protested  that  the  floor  members 
were  too  weak,  and  he  prepared  a  new  set  of  framing  plans  in  which 
there  was  additional  iron  worth  about  S2  000.      The  total  valne  of  the 
contract  was  in  the  neighborhood  of  $28  000. 

The  cast-iron  columns  were  left  as  marked  on  the  plans  originally. 
It  does  not  appear  that  any  investigation  was  undertaken  to  deter- 
mine whether  some  more  thousands  of  dollars  might  have  been  saved 
by  scamping  these. 

The  foregoing  statement  is  typical,  and  there  are  serious  doubts 
whether  there  is  one  building  in  ten  of  this  class  of  construction 
erected  under  different  auspices. 

The  beams  were  bolted  to  girders,  girders  were  bolted  to  columns, 
and  columns  were  bolted  together,  but  in  no  part  of  the  structure 
was  any  attempt  made  to  secure  the  rigidity  which  is  absolutely 
essential  for  a  structure  designed  with  the  formulas  used  for  that 
purpose;  nor  was  any  arrangement  made  to  give  assurance  that  the 
building  must  stand  under  any  conditions  to  which  it  was  likely  to 
be  subjected.  The  connections  and  the  eccentricities  of  the  load  were 
not  provided  for  properly.  The  flanges  of  the  columns  extended  on 
two  sides  only,  so  that  no  safety  could  be  obtained  by  their  resting  on 
secure  bases,  in  case  of  slight  motion,  becaase  of  possible  looseness  in 
connections. 

The  workmanship  in  the  erection  was  poor. 

Some  three  weeks  before  the  collapse,  it  has  been  stated  by  several 
eye-witnesses,  the  building  was  very  much  out  of  plumb. 

The  foreman  of  the  erection  gang  stated  that  he  believed  it  was  18 
ins.  out  of  plumb. 

Apparently,  the  idea  of  danger  never  suggested  itself  to  anyone, 
even  after  the  leaning  was  known.  To  bring  it  back  into  plumb, 
cables  and  tackles  were  used.  The  bolts  on  the  columns  of  the 
lower  stories  were  loosened  up,  and  the  building  was  jacked  back. 
There  is  no  record  that  the  columns  were  screwed  up  again,  and  the 
absence  of  shims  demonstrated  that  no  arrangements  had  been  made 
for  keeping  the  building  plumb,  when  it  had  been  brought  back. 
Ordinary  common  sense  should  have  dictated  that  somebody  should 
be  called  in  to  find  out  the  trouble  and  the  remedy,  but  engineers  cost 
money,  and  the  speculative  builder  has  no  money  to  spend  lor  such 
foolishness.  He  has  been  taking  chances  all  his  life,  and  this  is  a 
mere  incident.  The  chances  are  that  luck  will  not  go  against  him 
this  time. 

The  side  walls  of  the  building  were  up  about  three  or  four  stories, 
the  point  at  which  the  columns  apparently  broke  off  around  the 
walls.  The  brickwork  was  laid  in  cement  mortar,  and  appeared  to  be 
fairly  well  constructed. 
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Xr.  Lowfnson.  T^e  building  was  what  was  called  a  cage  constmction,  which  has. 
another  grave  defect  in  that  the  wall  columns  are  embedded  in  the- 
walls,  and,  with  the  projections  at  their  flanges  and  lugs,  permit  the^ 
wall  in  shrinking  to  throw  upon  the  columns  and  footing  considerable- 
weight  for  which  they  were  not  designed. 

There  is  no  evidence,  however,  to  show  that  fracture  occurred  in 
any  of  the  wall  columns,  because  of  this  concentration  of  the  load  due- 
to  the  shrinkage  of  the  walls  and  the  non-shrinkage  of  the  projections, 
on  the  columns. 

The  main  source  of  weakness,  as  stated  by  several  engineers,  was 
the  fact  that  a  cast-iron,  unbraced  building  was  erected  nearly  twelve 
stories  in  height  with  practically  no  provision  to  resist  external 
strains  due  to  wind  and  vibration.  It  had  less  strength,  relatively, 
than  a  toy  house,  twelve  blocks  high,  built  with  children's  playing 
blocks.  Because  it  had  nothing  to  hold  it  up,  it  fell.  The  same  may 
happen  at  any  moment  to  any  of  the  other  structures  of  this  class. 

The  speaker  believes  that  the  author  of  the  paper  states  the  primal 
cause  of  the  collapse  to  be  due  to  the  failure  of  one  of  the  third-  or 
fourth-story  columns.  It  is  possible  that  that  may  be  true.  The 
author  evolves  a  theory  of  the  **  Center  of  Fall,"  with  which  the 
speaker  must  confess  that,  because  of  his  unimaginative  mind,  he 
^  cannot  bring  himself  to  agree. 

Our  laws  are  fairly  good.  It  is  a  very  difficult  matter  to  frame 
laws  so  as  to  cover  every  detail  of  construction.  This  building  has 
made  manifest  a  number  of  weaknesses  in  the  New  York  Building 
Code.  The  great  lesson  that  it  is  hoped  has  been  learned  by  this 
building  coUapse  is  the  crime  of  constructing  buildings  with  no 
intelligent  supervision.  The  idea  that  a  public  department  should 
assure  the  safety  of  the  construction  is  also  wrong.  The  Bureau  of 
Buildings  has  certain  functions  to  perform.  Its  duties  are  purely 
those  of  police  surveillance.  In  Germany,  for  instance,  the  Building 
Inspection  Department  in  each  city  is  a  branch  of  the  police  and  is 
called  <'Bau-polizei,"  Building  Police.  The  officers  of  this  bureau 
should  not  be  expected  to  guarantee  the  absolute  safety  of  the 
structure,  but  they  should  be  expected  to  detect  flagrant  violations. 
The  Iron  Inspector  stated  that  he  had  about  fifty  buildings  of  this 
class  in  his  district,  and  spent  about  ten  or  fifteen  minutes  per  week 
at  each  building. 

The  main  weakness  in  the  law  is  that  there  are  no  means  of  com- 
*  pelling  the  class  of  people  who  are  building  now  to  employ  competent 
men  to  undertake  this  construction. 

It  is  an  unfortunate  fact  that  many  buildings  in  this  city  are  in 
danger  of  collapse  at  any  moment. 
Hr.  Mac-       H.  P.  Magdonai^d,  Jun.  Am.  Soc.  C.  E. — The  speaker  has  been 
^^*  *  *  paying  especial  attention  to  the  ratio  of  the  thickness  of  metal  in 
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casfc-iron  oolumn  flanges  and  beam  seats  to  that  in  the  shaft  of  the  Mr.  Mac- 
column,  as  affecting  the  solidity  of  such  members.  When  the  metal  *^°°*^^' 
in  such  a  parfc  is  heavier  than  that  of  the  shaft,  it  remains  in  a  liquid 
state  after  the  metal  in  the  shaft  is  solid,  and  as  it  cools  and  shrinks 
is  likely  to  draw  away,  near  its  center,  from  the  shaft,  cansing  a 
shrink-hole;  such  conditions  also  tend  to  the  formation  of  blow-holes. 
The  sample  which  Mr.  Parsons  has  is  a  good  illustration  of  this  case, 
the  metal  in  the  flange  before  it  was  machined  being  probably  If  ins. 
thick,  while  that  of  the  shaft  is  1  in.  Far  more  exaggerated  cases  of 
this  error  have  come  to  the  speaker's  notice,  some  designers  putting 
beam  seats  1}  ins.  thick  on  shafts  }  in.  thick.  The  metal  in  a  flange 
or  bracket  should  never  be  more  than  one-fourth  thicker  than  that  of 
the  shaft  where  it  is  located;  and,  where  special  strength  is  required, 
the  shaft  can  be  thickened,  or  two  or  more  vertical  ribs  be  used  in- 
stead of  one,  as  is  the  common  practice.  The  same  treatment  applies 
to  column  flanges,  which  can  be  made  far  stronger  for  a  given  weight 
of  metal  by  using  vertical  reinforcing  brackets  than  by  merely  thick- 
ening the  flange.  In  this  case  the  designer  should  bear  in  mind  that 
from  }  to  i  in.  must  be  taken  off  the  flange  in  machining  it,  and  pro- 
portion  it  accordingly. 

The  iron  in  Mr.  Parsons'  sample  appears  to  be  very  high  in  silicon, 
which  would  also  tend  to  the  formation  of  shrink-holes.  This  metalloid 
should  not  exceed  2,2h%  in  column  castings. 

The  condition  of  the  column  flanges  in  the  Darlington  Hotel,  as 
reported  by  Mr.  Parsons,  emphasizes  the  necessity  of  more  technical 
knowledge  on  the  part  of  designers  and  more  care  in  selecting  foun- 
dries where  proper  attention  is  paid  to  the  qualities  of  the  metal  used 
to  make  structural  castings. 

J.  H.  O'Bbien,  Assoc.  M.  Am.  Soc.  C.  E.— The  speaker  would  like  to  Mr.  O'Brien. 
emphasize  a  point  made  by  Mr.  Schneider,  in  regard  to  skeleton-con- 
structed buildings,  namely,  that  the  skeleton  should  be  designed  so 
that  it  will  carry  all  loads  and  resist  all  external  forces  likely  to  come 
upon  it  at  any  time  without  assistance  from  the  materials  which  clothe 
the  skeleton. 

The  speaker  will  admit  that  this  principle  could  not  be  carried  out 
as  effectively  with  a  skeleton,  the  columns  of  which  are  cast  iron,  as 
vrith  a  skeleton  constructed  of  steel  throughout.  But,  as  the  previous 
speakers  have  disposed  of  the  cast* iron  column  as  unsafe  for  use  in  tall 
buildings,  which,  usually,  are  the  most  important  skeleton  structures, 
it  may  not  be  amiss  at  this  time  to  touch  upon  the  need  of  great  care 
in  the  design  of  all  important  skeleton-constructed  buildings. 

The  speaker  has  watched  the  construction  of  many  such  buildings, 
in  which  the  framing  is  rectangular  throughout,  and  as  they  grow, 
tier  on  tier,  without  diagonal  bracing,  or  even  large  gusset  plates  to 
stiffen  the  joints,  he  has  been  impressed  with  their  lack  of  native  sta- 
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Hr.  O'Brien.  biUtj.  In  most  of  such  cases,  of  course,  the  designer  expects  that 
external  forces  will  be  overcome  by  the  aid  of  masonry  cnrtain  walls 
and  floor  systems;  bnt,  as  these  features  are  seldom  erected  simulta- 
neously with  the  steel  work,  the  risk  involved,  in  depending  on  such 
assistance,  is  very  great. 

In  fact,  the  speaker  is  aware  of  one  such  structure,  at  least,  which 
was  designed  and  erected  by  a  reputable  steel  company  (which  had  no 
control  of  the  mason  work),  the  roof  of  which  collapsed,  because  it 
was  loaded  before  the  stiffening  walls  had  been  built  up  to  reinforce 
the  steel  supports. 

One  of  the  first  principles  learned  by  engineers,  who  design  struct- 
ures, is  that  a  rectangular  frame  has,  theoretically,  no  stability,  as 
forces  applied  along  the  members  of  such  a  frame  will  change  its  form. 
Therefore,  the  stability  which  attaches  to  structures  of  purely  rectan- 
gular formation  is  furnished  solely  by  the  stiffness  of  their  riveted 
connections,  which  are  often  designed  improperly,  usually  only  for 
the  direct  vertical  loads. 

The  columns  of  many  skeleton  buildings  are  so  placed,  and  are 
designed  of  such  section,  that  many,  and  sometimes  all,  of  their  loads 
are  eccentric  (on  the  same  side  of  the  column);  and,  too  often,  no  par- 
ticular attention  is  paid  to  this  eccentric  loading,  the  effect  of  which 
should  be  offset  by  adding  section  to  the  columns  and  making  suffi- 
cient joints  at  the  connections. 

The  speaker  hopes  that  Mr.  Schneider's  point,  that  skeleton 
structures  should  be  designed  to  support  all  the  loads,  and  to  resist 
all  external  forces  coming  upon  them,  independent  of  the  masonry, 
will  be  carried  out  more  faithfully  by  designing  engineers  hence- 
forth. 
Mr.  Just.  Geobob  a.  Just,  M.  Am.  Soo.  G.  E.  (by  letter). — Faulty  design  is 
a  sufficient  cause  for  the  collapse  of  the  building  under  discussion. 
Therefore,  it  is  unnecessary  to  look  for  a  reason,  other  than  the  inher- 
ent structural  weakness  incident  to  such  faulty  design. 

This  being  so,  it  is  eminently  proper  to  inquire  how  the  partial 
erection  of  such  a  structure  could  be  possible,  in  the  foremost  city  of 
the  country  under  a  code  especially  enacted  to  safeguard  the  public 
interests,  as  far  as  they  are  involved  in  the  construction  of  buildings. 

At  the  very  beginning,  a  clear  distinction  should  be  made  between 
the  law,  on  the  one  hand,  and  the  administration  and  interpretation 
of  the  law,  on  the  other.  The  most  perfect  law,  when  administered  or 
interpreted  by  incompetent  or  corrupt  authority,  proves  ineffectual 
and  often  oppressive.  But  building  laws,  like  all  other  civil  laws, 
even  when  honestly  administered,  need  intelligent  interpretation  and 
consequent  modification  from  time  to  time,  and  it  is  remarkable  that, 
while  other  branches  of  law  are  interpreted  and  modified  by  lawyers 
through  the  machinery  of  the  courts,   public  sentiment  does  not 
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•demand  that  its  laws  relating  to  constrnction  be  interpreted  by  engi-  Mr.  Just, 
neers,  who,  it  mnst  be  admitted,  are  alone  capable  of  directing  the 
proper  application  of  what  is,  after  all,  natural  law,  as  against  the 
law  of  accumulated  precedent. 

This  inconsistency,  however,  can  be  traced  to  an  apparent,  if  not 
a  real,  lack  of  interest  in  public  affairs  by  engineers  in  the  past.  They, 
consequently,  lack  weight  when  new  thought  is  moulded,  even  when 
it  relates  to  matters  so  distinctly  within  the  engineering  field  as  the 
formation  or  amendment  of  a  <*  building-law." 

Now  the  fact  cannot  be  overlooked  that  a  '*  building-law  "  must 
necessarily  be  perfectly  general  in  its  application;  that  all.  its  pro- 
yisions  cannot  possibly  be  made  so  comprehensive  as  to  apply  to  each 
specific  case,  and  that  any  attempt  to  do  so  must  result  in  a  limitation 
of  individual  rights,  on  the  one  hand,  or  endanger  public  safety,  on 
the  other. 

.  ,  And  so  it  may  be  said  that  the  best  criticism  made  of  the  New  York 
•code,  under  which  the  collapsed  structure  had  been  partially  erected, 
is  that  it  **  pretends  too  much  engineering. "  The  chance  of  repetition 
of  a  ''Darlington  "  disaster  would  be  materially  reduced,  if  much  of 
the  present  detail  matter  were  eliminated,  thus  making  the  provisions 
of  the  code  more  general.  The  unprincipled  practitioner  would  then 
not  be  able,  as  now,  to  force  a  Department  of  a  municipal  government 
to  act  practically  as  engineer  in  the  design  of  work  for  which  he  him- 
self is  incompetent.  It  might  terminate  the  practice  of  designing 
^'according  to  law,'*  and  kill  the  assumption  that  individual  struc- 
tural members,  when  of  proper  section  for  the  performance  of  their 
intended  functions,  will  make  a  safe  structure,  irrespective  of  the 
manner  of  their  assemblage  or  the  quality  of  the  general  design.  The 
result  should  be  that  experienced  professional  talent  would  be 
engaged  more  generally. 

As  to  oast  iron :  The  consensus  of  opinion,  to-day,  is  undoubtedly 
favorable  to  a  limitation  of  its  uses,  and  it  should  be  eliminated  from 
structures  of  the  character  of  the  one  under  discussion;  but  even  the 
characteristics  and  variable  quality  of  cast  iron  do  not  call  for  its 
utter  condemnation.  Violent  poisons,  harmless  in  the  hands  of  the 
ohemist,  prove  dangerous  playthings  for  children,  and  so  with  cast  iron 
when  in  the  hands  of  incompetents. 

It  may  be  conceded  that,  in  the  light  of  experiment,  the  permis- 
sible unit  values,  in  the  New  York  code,  for  cast  iron  in  column  form, 
are  too  liberal.  These  matters  are  often  the  result  of  compromise 
dictated  by  rival  trade  interests,  strongly  intrenched.  Engineers, 
however,  are  under  no  compulsion  to  use  such  values.  It  is  unfor- 
tunate, therefore,  that  when  speculative  ventures  are  involved,  or  the 
money  for  a  project  is  limited,  a  marked  tendency  is  shown  to  use  the 
ambiguities  and  inconsistencies  of  the  law  to  make  the  work  ''cheap.'* 
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Mp.  Just  To  this  straining  for  a  "cheap  "  bnilding  is  also  dne  the  present 
custom  of  using  cast  columns  in  the  lower,  and  steel  sections  in  the 
upper,  stories,  with  an  utter  disregard  for  possible  initial  bends^ 
eccentric  loading  or  proper  transmission.  This  results  in  flimsy  steel 
members,  which  have  become  an  easy  target  for  criticism  by  those- 
who  advocate  the  continued  use  of  cast-iron  columns. 

And  here  it  may  be  noted  that  the  lawyer  who  avails  himself  of 
flaws  in  the  civil  and  criminal  law,  to  the  advantage  of  his  client,  en- 
hances his  reputation,  but  the  engineer  who  violates  the  laws  of 
statics,  not  only  impairs  his  reputation,  but  insures  the  failure  of 
his  work. 

In  recurring  to  the  question  of  the  improper  interpretation  of  the 
spirit  of  a  law,  it  can  be  positively  asserted  that  it  was  not  the  inten- 
tion, of  the  framers  of  the  New  York  code,  to  permit  the  erection  of 
hybrid  structures  of  the  "Darlington  '*  type,  and  if  the  decision  to 
the  contrary,  which  has  created  such  a  bad  precedent,  is  irrevocable, 
then  the  law  cannot  be  too  promptly  modified  in  this  particular. 

It  is  remarkable  how  the  efforts  of  the  framers  were  nullified,  in 
this  particular.  Recognizing  the  then  existing  tendency  to  depart 
from  a  pure  skeleton  type  in  which  the  frame  should  be  at  all  times 
self-supporting,  they  intended  to  recognize  only  two  types,  (1)  the 
old,  wall- bearing  type,  and  (2)  the  modern  skeleton -frame  type  of 
building. 

To  distinguish  the  two  types  clearly,  they  demanded  for  the  first 
time  that  "wall- girders"  be  placed  continuously  at  all  floor  levels  in 
skeleton- frame  constructions  (Sec.  110).  They  reduced  the  then 
existing  minimum  thickness  of  walls  for  this  type  (Sec.  86),  and 
removed  the  heretofore  general  restriction  that  front  and  side  walb 
must  be  carried  up  in  certain  relation  to  each  other,  and  confined  this 
requirement  to  wall-bearing  buildings  (Sec.  41). 

No  added  rigidity,  from  floor  filling  or  arches,  was  to  be  relied 
upon,  for  the  requirement  that  the  progress  of  filling  in,  or  floor 
arching,  shoald  bear  a  certain  relation  to  the  height  of  the  frame  is 
not  now,  and  never  was,  a  part  of  the  New  York  building  code.  This 
is  a  state  labor  law,  enacted  presumably  for  the  better  -protection  of 
workmen  engaged  on  buildings.*  The  new  code  also,  for  the  first 
time,  distinctly  empowered  the  bead  of  the  Department  to  call  for 
such  structural  details  as  in  his  judgment  might  be  necessary 
(Sec.  4). 

Therefore,  it  is  unfortunate  for  good  construction  that,  as  was  tes- 
tified by  an  engineer  of  the  building  bureau,  before  the  Coroner's 
Jury,  a  joint  reading  of  Sections  36  and  37  was  interpreted  as  a  permit 
to  erect  buildiogs  of  the  "  Darlington  "  type.  This  precipitated  upon 
the  public  an  incomplete  and  insecure  frame,  without  the  restriction 

•  Chap.  8S,  Oen.  Laws,  Art.  1— Sec.  80,  as  amended  by  Chap.  IfiS— laws  of  18M. 
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that  the  enclosure  walls  must  be  carried  np  at  the  same  time — ^remov-  Mr.  Just, 
ing  the  only  element  which  might  possibly  have  prevented  collapse, 
as  it  no  doubt  has  in  many  cases  of  equally  bad  design.  The  curtain 
walls  named  in  Sec.  37  were  not,  in  the  minds  of  the  framers  of  the 
code,  intended  to  include  any  exterior  walls,  but  referred  to  non-bear- 
ing,  interior  division  waUs  only. 

The  present  law  is  weak,  in  so  far  as  it  lacks  requirements  for 
proper  superintendence,  and  the  *' regulations'*  of  the  Department 
on  this  point  are  no  better.  This  could  be  remedied  by  an  amend- 
ment requiring  that:  No  building  shall  hereafter  be  erected  without 
the  continuous  direction  and  superintendence  of  an  architect,  or  civil 
engineer,  who  shall  have  had  at  least  five  years'  experience  in  build- 
ing construction;  no  work  shall  be  commenced  until  the  name  and 
address  of  such  superintendent  is  filed  with  the  Bureau  of  Build- 
ings, and  all  changes  of  superintendent  during  construction  shall  be 
similarly  certified  to  said  bureau. 

The  influence  of  the  American  Institute  of  Architects  could  be  very 
properly  exerted  for  the  enactment  of  such  a  section.  It  would  tend 
to  break  up  the  present  pernicious  practice  of  architects  engaged  on 
speculative  work,  who  accept  commissions  for  the  making  and  filing 
of  plans,  leaving  the  execution  of  the  work  to  incompetent  or  un- 
flcrupulous  persons. 

Too  often,  this  early  termination  of  relations  between  architect 
Bud  client,  is  only  apparent,  and  at  times  results  in  deceiving  the 
public  authorities.  Proof  of  such  continued  relationship,  however, 
is  shown  when  these  architects,  as  is  often  the  case,  permit  them- 
selves to  be  used  to  harass  the  contractors,  for  the  benefit  of  their 
speculative  employers. 
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A  PHENOMENAL  LAND  SLIDE. 
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By  James  D.  Schutler,  M.  Am.  Soc.  C.  E. 


Mr.  Sciiuyier.  Jai£es  D.  Schuylbr,  M.  Am.  Soc.  C.  E.  (by  letter). — An  opportu- 
nity to  add  a  few  words  to  the  discnssion  of  this  admirable  paper  is 
eagerly  embraced,  although  protracted  absence  from  home  on  profes- 
sional work,  out  of  touch  with  the  Society  literature,  had  almost  pre- 
vented  the  writer  from  participating  in  a  subject  of  deepest  personal 
interest  to  him. 

During  1894,  the  writer,  with  the  title  of  **  Consulting  Engineer,"" 
was  employed  to  design  and  construct  the  two  reservoirs,  Nos  3  and 
4,  involved  in  this  landslide,  as  well  as  two  others,  Nos.  1  and  2,  on 
the  east  side  of  the  river. 

The  late  Isaac  W.  Smith,  M.  Am.  Soc.  C.  E.,  was  the  Chief  Engi- 
neer of  the  Water- Works,  and  Mr.  Clarke  was  his  principal  Assistant, 
in  charge  of  the  construction  of  the  main  pipe  line  from  Bull  Run  to 
Portland. 

The  construction  of  the  four  reservoirs,  in  the  few  short  months  of 
fair  weather  available  in  the  moist  Oregon  climate,  was  a  most  hercu- 
lean task,  and,  under  ordinary  conditions,  should  have  occupied  at 
least  two  seasons,  but,  as  the  realization  of  a  pure  water  supply  came 
nearer,  there  was  great  public  clamor  for  the  completion  of  the  works 
before  the  close  of  1894,  and  as  the  contractors  for  the  pipe  making 
and  laying  needed  to  be  stimulated  to  extra  exertion  by  the  evidence 
of  preparedness  on  the  part  of  the  city's  engineer  to  receive  water 

*  Ck>ntiaued  from  Mav.  1901,  Proceedingft.  See  Marcli,  1904,  Proceedings^  for  paper 
on  this  subject  by  D.  D.  Clarke,  M.  Am.  Soc.  C.  E. 
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throngh  the  pipe;  and,  furthermore,  as  a  large  money  saving,  amonnt-  Mr.  Scfauyl<&. 
ing  to  9100  000  or  more,  was  to  be  made  by  eliminating  the  cost  of 
pamping  the  city's  water  supply  by  an  early  completion  of  the  sys- 
tem, there  was  a  strong  incentive  for  pushing  work  on  the  reservoirs 
as  rapidly  as  possible. 

The  writer's  judgment  inclined  to  more  deliberate  action,  but  the 
public  eagerness  to  enjoy  Bull  Bun  water  at  the  earliest  possible 
moment,  and  the  possible  saving  in  cost  of  operation  seemed  sufficient 
inducement  to  overcome  his  conservatism  in  this  regard. 

Delay  in  completing  the  reservoir  until  1895  would  have  given  the 
slide  opportunity  to  develop  without  destroying  the  linings,  but 
would  probably  have  led  to  the  abandonment  of  the  reservoir  sites. 
This  would  have  been  a  misfortune,  for  the  reason  that  these  reservoirs 
are  in  the  most  convenient  locality  possible,  and  they  can  yet  be  made 
available  for  reservoir  purposes  by  a  thorough  drainage  of  the  slide. 
Any  substitution  of  them,  by  the  construction  of  reservoirs  of  equal 
capacity  at  corresponding  elevations  elsewhere,  would  have  been  un- 
questionably more  expensive  to  the  city  than  the  losses  involved  in 
interest  on  the  cost  of  the  unused  portion  of  the  work  and  the  cost  of 
that  part  of  the  reservoir  linings  which  has  been  shattered  and  de. 
stroyed  by  the  movement;  added  to  the  subsequent  expenditure  made 
in  exploring  and  draining  the  slide.  Events  have  proven  that  the  city 
has  really  been  a  gainer  by  what  has  occurred,  rather  than  otherwise. 

It  may  be  considered  as  particularly  fortunate  that  the  gate -houses 
and  pipe  connections  were  designed  in  such  a  careful  manner  that  the 
breaks  in  the  reservoirs  had  in  no  wise  interrupted  the  service,  and 
the  works  are  as  efficient  as  though  the  reservoirs  had  never  been 
injured  by  the  slide.  Even  the  pumping  plant,  operated  by  the  water 
falling  from  Beservoir  No.  3  to  Beservoir  No.  4,  was  not  stopped  a 
day  in  its  operation  of  the  high-level  pumps. 

The  developments,  described  so  minutely  and  interestingly  in  the 
paper,  of  the  extent,  depth,  area  and  volume  of  this  remarkable  slide, 
the  very  slow  rate  of  its  movement,  and  the  effect  produced  upon  it 
by  drainage,  constitute  an  impressive  array  of  facts  teaching  a  lesson 
of  the  importance  of  far-reaching  investigation  prior  to  beginning  im- 
portant construction.  The  preliminary  investigations  and  borings, 
referred  to  in  the  paper,  which  were  made  prior  to  the  engagement  of 
the  writer,  were  reviewed  carefully  by  him  at  the  beginning  of  the 
work,  and  appeared  to  be  conclusive  and  satisfactory  in  demonstrating 
that  the  foundations  of  the  reservoirs  were  entire  stable,  and  that  the 
numerous  local  land  slips,  appearing  on  all  sides  of  the  reservoir  sites, 
were  not  deep-seated,  and  would  be  cut  out  by  the  excavations  planned. 
The  writer  examined  carefully  all  the  hill  slopes  above  the  reservoir 
many  times  during  the  excavation  of  the  basins,  and  never  saw  the 
slightest  indication  of  the  general  slide  such  as  developed  subse- 
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,  Kr.  Schuylar.  qnently.  Ab  stated,  the  small  surface  slips  were  numerous,  not  only 
on  the  west  side  of  both  reservoirs,  bat  on  their  east,  north  and  sonth 
.  slopes.  Thej  were  oansed  evidently  by  snper-satnration  of  the  soil, 
standing  on  slopes  steeper  than  the  natural  angle  of  repose,  and  the 
manifest  remedy  was  drainage.  To  accomplish  this  drainage  in  the 
most  efficient  way  possible  so  that  the  liningps  might  not  be  disturbed 
when  the  reservoirs  were  finally  in  service,  an  elaborate  system  of 
slope  and  bottom  drainage  was  planned  and  carried  ont,  consisting  in 
part  of  numerous  drive-well  points  driven  into  the  slope,  to  relieve 
the  water  as  far  back  of  the  surface  as  possible.  These  were  connected 
with  tile  drains  laid  up  and  down  the  slope  at  frequent  intervals,  in 
trenches  filled  with  broken  stone.  These  tile  drains  discharged  into 
sewer  pipes  laid  at  the  toe  of  the  slope,  underneath  the  lining,  all 
around  the  reservoir,  emptying  into  the  city  sewers  outside  the  dam. 

The  most  extensive  and  troublesome  of  these  surface  slips  was  the 
one  which  constantly  discharged  mud  into  the  excavations  of  Reser- 
voir No.  4,  about  on  the  line  of  the  cable  road.  This  slide  extended 
west  almost  as  far  as  the  curve,  the  distortion  of  which  is  shown  in  Fig. 
2,  Plate  YI,  and  was  lubricated  constantly  by  spring  water  following 
down  the  cable  road  track.  The  writer  noticed  the  distorted  rails  at 
this  curve  on  several  occasions  during  the  season,  and  ascribed  their 
condition  to  the  local  settlement,  and  the  slide  below  it. 

From  all  the  phenomena  observed  by  the  writer  during  the  con- 
struction of  the  reservoirs,  he  is  of  the  opinion  that  the  large,  main 
slide,  the  outlines  of  which  were  revealed  in  the  year  following  the 
excavations  of  the  reservoirs,  was  in  a  state  of  rest  throughout  the 
year  1894,  up  to  the  time  when  the  cracks  first  appeared  in  the  west 
slope  of  Reservoir  No.  4,  in  August.  The  protrusion  of  the  upper 
layer  of  clay  in  a  marked  line,  and  at  a  rapid  rate,  out  beyond  the  face 
of  the  excavation  was  sudden  and  startling,  and  although  at  the  time 
it  appeared  to  be  but  a  deeper  manifestation  of  the  old  troublesome 
cable  road  slip  than  had  yet  been  apparent,  it  is  now  clear  that  it  was 
the  beginning  of  the  movement  of  the  big,  main  slide.  That  this  was 
caused  by  the  removal  of  the  toe  of  the  slide  in  the  excavation  of  the 
reservoirs  is  indicated  chiefly  by  the  fact  that  it  occurred  in  the  dry 
season  and  at  the  latter  end  of  the  summer.  Had  tbe  slide  been  mov- 
ing during  all  the  year  previous,  the  manifestation  of  it  could  not  have 
been  overlooked.  Evidently,  it  was  in  a  state  of  unstable  equilibrium 
requiring  but  small  cause  to  start  moving  again,  and,  although  the 
volume  of  excavation  removed  from  the  reservoirs  was  but  S%  of  that 
of  the  moving  area,  as  pointed  out  by  the  author,  it  was  the  key  which 
held  the  mass  from  continuing  its  ancient  movement. 

All  other  great  slides  of  this  region  have  their  greatest  movement 
during  the  rainy  season,  while  this  one  apparently  started  in  August, 
the  driest  part  of  the  year,  with  a  movement  of  |  in.  per  day  for  sev- 
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«ral  days,  although  the  subsequent  maximum  rate  was  but  12  in.  per  Mr.  Schuyler, 
annum. 

During  the  progress  of  this  work,  in  the  early  part  of  1894,  a  land 
slide  occurred  at  Portland  Heights,  about  half  a  mile  southeast  of 
Reservoir  No.  4,  which  suddenly  overwhelmed  a  valuable  dwelling 
vrith  mud,  and  destroyed  its  contents.  The  volume  of  earth  which 
slid  was  probably  less  than  5  000  cu.  yd.,  originating  in  a  street  em- 
bankment on  the  heights  near  the  edge  of  a  high  bluff.  It  descended 
a  slope  steeper  than  1  on  1,  a  vertical  height  of  from  300  to  400  ft., 
and,  after  starting,  its  movement  was  rather  in  the  nature  of  an 
avalanche  of  mud  than  that  of  an  ordinary  land  slide.  It  was  evidently 
something  of  this  character  which  was  expected  by  the  Committee  of 
100,  referred  to  in  the  paper,  when  they  protested  against  the  location 
of  the  reservoirs  in  the  City  Park,  as  the  Portland  Heights  slide  was 
of  very  recent  occurrence  and  fresh  in  the  mind  of  everyone  when  they 
made  their  protest.  Such  a  torrential  movement  alone  could  have 
displaced  the  water  in  the  reservoirs  and  caused  a  sudden  flood,  and 
it  was  against  an  accident  of  this  type  that  the  Committee  expressed 
their  fears.  The  Engineers  of  the  city  saw  no  evidence  of  the  possi- 
bility of  a  slide  of  that  character  in  the  vicinity,  and  so  favored  the 
continuance  of  work.  They  were  at  least  as  well  able  to  judge  as  the 
Committee  of  100  novices  and  laymen,  and  they  certainly  did  not  see 
a  sign  of  the  deep-seated  ancient  slide,  the  slow  movement  of  which 
afterward  put  the  reservoirs  out  of  service. 

That  this  slide  was  caused  primarily  by  water  and  the  lubrication 
which  water  afforded  to  the  under  surface  of  the  moving  mass,  is  so 
manifest  as  to  be  axiomatic.  Practically  all  land  slides  have  the  same 
moving  cause,  and  would  remain  stable  but  for  water. 

The  most  notable  and  extensive  land  slides  which  have  come  under 
the  writer's  observation  occurred  on  the  line  of  the  Canadian  Pacific 
Railway,  a  few  years  ago,  as  the  result  of  irrigating  high  bench-lands 
along  the  Fraser  Biver.  The  litigation  and  investigation  which  fol- 
lowed was  described  by  the  writer  in  a  paper  read  before  the  National 
Irrigation  Congress  of  1895,  held  at  Phoenix,  Arizona.  The  cause  of 
these  slides  was  similar  to  those  which  developed  the  slide  under  dis- 
cussion, viz. ,  removal  of  the  toe  of  the  old  slide,  in  a  state  of  rest,  by 
a  raUway  cut,  and  the  continued  application  of  water  for  irrigation, 
in  the  same  saturating  excess  which  produced  the  slide  before  the 
railway  was  built.  Irrigation  caused  the  slide;  after  the  original 
movement  it  reached  a  state  of  equilibrium  where  it  was  no  longer 
moving,  during  which  period  the  railway  location  was  made;  subse- 
quently, the  railway  cutting  removed  the  toe  of  the  slide  and  started 
its  movement  afresh,  and  continued  irrigation  kept  the  ground  lubri- 
cated and  in  motion  until  the  courts  enjoined  the  irrigation,  and  the 
trouble  ceased. 
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ON  SEDIMENTATION. 
Discussion.* 


By  Messbs.  GaiiEN  W.  Pearsons  and  Bobebt  Sfubb  Weston. 


Mr.  Pearsons.  Galen  W.  Peabsons,  M.  Am.  Soc.  C.  E.  (by  letter).— It  is  probably 
correot  to  say  that  the  waters  of  our  western  rivers  have  been  treated 
more  snccessfnlly  by  sedimentation  than  by  filtration,  but  neither, 
alone,  has  been  fully  satisfactory.  Their  constantly  changing  condi- 
tion, as  to  high  and  low  water,  and  the  sources  from  which  this  water 
is  derived,  make  the  problem  a  very  difficult  one.  While,  most  of  the 
year,  they  may  be  treated  successfully,  there  are  times  when  they  are 
very  obstinate. 

At  Memphis  the  writer  observed  a  railroad  tank,  filled  with  water 
from  the  Wolf  River;  this,  standing  unused  for  three  months,  main- 
tained its  dark  color,  and,  on  being  emptied,  showed  no  appreciable 
sediment. 

The  Kansas  Biver,  sometimes  for  weeks  together,  shows  a  really 
human  aversion  to  settling,  and  gives  the  Missouri  a  similar  character. 
Above  Eaasas  City,  the  Missouri  is  not  so  obstinate;  it  has  bad  spells, 
but  not  such  long  ones;  the  large  amount  of  sediment  precludes  fil- 
tration without  previous  sedimentation,  and,  except  in  some  of  the 
smaller  towns,  the  water  is  little  used. 

It  is  stated  t  that  the  Missouri  carries  a  maximum  of  1  part  by 

^l  *This   discussion  (of  the  paper  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  printed  in 

IV-  Proceedings  for  April,  1004),  is  printed  in  Proceedings  in   order  that  the  Tiews  ex> 

fl  'i  pressed  may  be  brought  before  all  members  of  the  Society  for  further  discussioQ 

1  \  Communications  on  this  subject  received  prior  to  September  28d,  1904,  will  be  pub- 

k\  ■;■  lished  subsequently. 

|jj  t  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXVI,  p.  289. 
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weight  of  Bediment  in  673.     That  amonnt  is  often  exceeded  at  Kansas  Mr.  Pearaons. 
City. 

In  designing  the  settling  basins  for  Kansas  City,  in  1874,  the  writer 
had  the  benefit  of  the  experience  of  the  late  Henry  Flad  and  T.  J. 
Whitman,  Members,  Am.  Soo.  C.  E.,  of  St.  Lonis,  and  of  the  late 
Birdsill  HoUy,  of  Lockport,  N.  Y.,  who  had  made  careful  experiments 
on  both  sedimentation  and  filtration. 

The  sedimentation  at  St.  Lonis  was  then  alternate;  Colonel  Flad*s 
experiments  showed  that  in  still  water,  of  1 000  parts  of  sediment,  820 
snbfiided  in  6  hours,  900  parts  in  12  hours,  930  parts  in  18  hours,  945 
parts  in  24  hours,  966  parts  in  48  hours,  969  parts  in  96  hours.  This 
was  when  the  condition  of  the  river  was  favorable  for  subsidence. 
In  the  writer's  experiments  he  seldom  found  such  rapid  results,  but 
considers  the  proportions  of  sediment  carried  down  in  1,  2,  3,  4,  8  and 
16  units  of  time,  as  a  close  approximation. 

Mr.  Holly's  experiments  showed  that  water  could  be  moved  at  a 
rate  not  exceeding  1  ft.  per  minute,  care  being  taken  to  make  the  flow 
uniform,  with  but  little  loss  of  efficiency  in  subsidence;  and  the  need 
of  a  uniform  water  level  decided  the  construction  of  the  basins  for 
continuous  flow,  although  their  shape  was  not  favorable  for  the  best 
results.  The  writer's  experience  with  these  has  led  him  to  consider 
continuous  flow  preferable  to  intermittent. 

While  it  may  be  necessary  to  consider  the  particles  forming  the 
sediment  as  of  uniform  hydraulic  value,  to  enable  a  beginning  of 
mathematical  deduction,  such  uniformity  does  not  exist;  observations 
of  the  dust  falling  on  a  microscope  slide  will  show  some  particles  one 
hundred  times  as  large  as  others,  and  the  same,  no  doubt,  is  true  of 
the  sedknent  in  rivers. 

Experiments  made  by  the  writer,  before  designing  the  settling 
E^nsas  City  basins,  gave  results  which  may  be  useful  in  the  consider- 
ation of  the  subject. 

Clear,  flint  glass  tubes,  3  ins.  in  internal  diameter,  were  joined 
with  heavy  rubber  bands,  making  one  tube  5  ft.  high,  one  of  10  ft. 
and  one  of*  15  ft.  These  were  placed  before  a  tall  window,  side  by 
side,  with  the  bottoms  of  the  three  tubes  level,  and  filled  alternately 
with  water  from  the  Kansas  and  Missouri  Bivers,  each  time  filling  the 
three  tubes  together.  Mr.  Holly  observed  some  of  the  experiments. 
His  first  observation  was  that  the  water  cleared  quickly  at  the  top,  as 
has  been  claimed  so  generally,  but,  on  covering  the  tops  of  the  tubes, 
this  was  seen  to  be  only  an  appearance  caused  by  light  falling  on  the 
surface  of  the  water,  and  no  difference  in  color  could  be  seen  between 
the  top  and  bottom  of  any  of  the  tubes  at  any  time  during  the  sub- 
flidence  of  the  water,  the  bottom  of  the  15-ft.  tube  showing  no  more 
color  than  the  5-ft.  tube  beside  it,  at  any  stage  of  the  subsidence. 

This  was  unexpected,  and  careful  examination  was  made  to  dis- 
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Mr.  Pearsons,  cover  the  reason.  At  first  filling,  the  water  was  so  turbid  that  it  onlj 
showed  color.  As  it  cleared  gradually  the  writer  was  able  to  see  par- 
ticles descending  near  the  bottom  of  the  15-ft.  tube;  at  times,  some- 
thing of  the  same  could  be  discerned  in  the  10-ft.  tube,  but  with  diffi- 
culty, and  none  at  any  time  in  the  5-ft.  tube. 

These  particles,  by  their  uniform  shape,  explained  their  origin  and 
action ;  they  were  pear-shaped,  or  rather  like  little  tadpoles  swimming 
head  down,  the  tails  tapering  to  inyisibiiity;  plainly  some  larger 
particle  by  its  quicker  descent  had  overtaken  and  joined  smaller  ones, 
and,  increasing  by  constant  addition,  had  si,  last  become  visible,  their 
motion  near  the  bottom  being  so  rapid  that,  if  it  had  been  uniform, 
but  a  few  minutes  would  have  been  required  for  the  whole  descent. 

These  observations  induced  the  belief  that  more  depth  could  be 
used  in  sedimentation  than  had  been  considered  advantageous,  thus 
increasing  the  cross-section  by  depth  instead  of  area.  The  fragOe 
character  of  these  aggregated  particles  of  soft  mud  also  showed  how 
necessary  stillness  was  to  guard  against  their  disruption,  and  fully 
bears  out  all  that  has  been  claimed  for  the  use  and  necessity  of  baffle 
partitions. 

In  1886  the  source  of  supply  was  changed  from  the  Kansas  to  the 
Missouri  Biver,  and  continuous  flow  provided  for  in  the  new  basins, 
though  their  shape  made  its  use  less  effective  than  if  they  had  been 
parallelograms.  The  water  was  received  in  a  central  basin,  holding 
some  8  hours*  supply,  and  provided  with  a  bottom  having  a  sJope  of 
10^  to  admit  frequent  and  rapid  cleaning.  From  this  the  water 
passed  through  three  other  basins,  each  having  a  capacity  of  about  1 
day's  supply  (when  the  flow  was  from  12  to  14  millions  of  gallons  per 
day).  The  receiving  basin  gave  deposits  aggregating  as  much  as  30 
ft.  in  depth  per  year,  the  second  basin  about  one-third  of  this  depth, 
and  the  last  only  a  few  inches.  Of  this  deposit,  nearly  one-half  was 
so  thin  and  soft  that  it  would  flow  out  without  washing,  and  there 
was  no  indication  in  any  of  the  basins  of  any  critical  bottom  velocity. 

The  writer  dissents  entirely  from  the  idea  in  Proposition  12,  that 
any  instantaneous  clearing  of  the  surface  exists.  Though  the  water 
at  the  surface  may  naturally  be  considered  as  freed  more  quickly  from 
the  heavier  sediment,  its  color  will  be  kept  to  a  considerable  extent 
by  the  lighter  material  left  behind,  and  the  clearing  be  found  more 
apparent  than  real.  This  relates  rather  to  color  than  weight  of  sedi- 
ment, which  is  doubtless  less  near  the  surface. 

In  Proposition  13,  the  idea  is  given  that  the  particles  of  different 
hydraulic  value  simply  follow  each  its  own  rate  of  descent,  whereas 
the  writer's  experiments  show  that  they  coalesce  with  other  particles 
J    ,  and  increase  in  size  as  they  descend.     Although  this  increase  may  be 

;     I  only  mechanical,  it  would  seem,  even  when  no  coagulants  are  used, 

I   •  that  the  action  may  be  analagous  to  that  of  the  formation  of  rain 

5  ^  [  drops. 
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Of  filtration,  Colonel  Flad's  experiments  showed  that  upward  Mr.  Pearaonfl.. 
filtration  was  efifective  fourteen  times  as  long  as  downward,  with  the 
same  water  and  rate  of  flow;  that  is,  it  required  fourteen  times  as  long 
to  clog  the  filter.  This  may  be  considered  properly  in  connection 
with  the  subject,  for  the  reason  that  the  upward  movement  of  the 
water  was  not  greatly  in  excess  of  the  downward  movement  of  the 
sediment,  and  that  the  flow  was  under  ideal  conditions  as  to  stillness 
in  the  water  treated.  Such  filtration,  in  connection  with  adequate 
sedimentation,  would  be  a  step  in  advance  of  any  present  treatment. 
This  is  speaking  of  the  subject  in  a  mechanical  light;  other  considera- 
tions may  modify  these  statements,  which  are  not  intended  as  a  criti- 
cism of  Mr.  Hazen's  able  paper,  but  as  presenting  some  data  which 
may  be  of  service. 

BoBEBT  Spurb  Weston,  Assoc.  M.  Am.  Soo.  C.  E.  —At  New  Orleans  Mr.  Weston, 
the  speaker  had  some  experience  with  small  subsiding  basins — basins 
50  ft.  long  and  10  ft.  deep — and,  while  the  experience  gained  is  not  in 
any  way  opposed  to  the  formulas,  assumptions  and  propositions   in 


^ Im^ 

^^^^ 

^-MoTirt. 

X'^pMti 

Basin  Capacity  =  i«  Houn  Flow 

1000  parts 

21  hn. 

Period  of  Bedlmenti&tlons 
Fio.  2. 


78  hn. 


this  excellent  paper,  at  many  times  resnlts  were  obtained  which  did  not 
agree  with  those  obtained  by  Sedden  in  St.  Louis.  These  opposite  re- 
sults, however,  may  be  explained,  perhaps,  by  differences  in  local 
conditions,  such  as  the  relative  temperatures  of  air  and  water. 

Much  of  the  Mississippi  Biver  water  at  New  Orleans,  when  intro- 
duced into  subsiding  basins,  stratified  quickly,  especially  during  the 
periods  when  the  temperature  of  the  air  was  higher  than  that  of  the 
water.  The  incoming  turbid  water  appeared  to  flow  under  the  water 
already  in  the  basin,  and,  leaving  part  of  the  suspended  matter  be- 
hind, appeared  to  rise  vertically  to  the  surface  layers  before  it  moved 
toward  the  outlefc. 

The  inlets  of  the  basins  were  at  one  end,  2  ft.  from  the  bottom,  and 
the  outlets — overflow  weirs  the  full  width  of  the  basin— were  at  the 
other.  One  might  argue  from  certain  premises  that  in  these  basins 
the  curve  of  the  suspended  matter  remaining  after  different  periods 
would  reach  from  inlet;  to  outlet  along  a  curve  approaching  a  para- 
bola, as  illustrated  by  the  diagram.  Fig.  2. 
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.  Mr.  Weston.       At  times  such  conditioDs  were  Dot  observed,  however,  as  Table  4* 
will  show. 

TABLE  4. — Vabiations  of  Turbiditt  and  Tehfebatitre  of  Wateb 
IN  Subsiding  Basins  at  Yabious  Depths. 


River  Water. 

Inlet  End. 

Outlet  End. 

Depth, 

Date. 

flour. 

Source. 

Id 
feet. 

Silica 
tur- 
bidity. 

Temper- 
ature, in 

SiUca 
tur- 
bidity. 

Temper- 
ature, in 

SUica 
tur- 
bidity. 

Temper- 
ature, in 

1901. 

"^T"' 

degrees, 
Fahr. 

degrees, 
Fahr. 

Mar.  26.. 

10 

S.  B.1 

0 

900 

68.1 

10 

68.6 

80 

64.4 

** 

8 

900 

68.1 

18 

61.7 

86 

61.7 

it     li 

»' 

it     it 

4 

900 

68.1 

190 

66.8 

880 

66.8 

i»         u 

»* 

it     it 

6 

900 

58.1 

8«0 

66.8 

400 

66.8 

•  4            ii 

** 

ii     it 

8 

900 

68.1 

480 

66.4 

410 

66.4 

"     87.. 

0 

it     it 

0 

960 

64.6 

40 

644 

80 

68.5 

**     **  . . 

'* 

it     it 

8 

960 

64.6 

180 

68.1 

180 

58.1 

»i         u 

*' 

it     it 

4 

960 

64.6 

860 

66.4 

860 

56.8 

*'      "  .. 

it 

it     it 

6 

960 

64.6 

600 

65.4 

560 

65.0 

ti      il 

** 

it     it 

8 

960 

64.6 

685 

64.6 

600 

56.0 

**     88.. 

10 

it     Ii 

0 

976 

68.8 

100 

100 

ti      it 

*• 

it     it 

8 

976 

68.8 

870 

870 

ii      ti 

** 

ii     it 

4 

975 

58.8 

400 

880 

*'     **  . . 

»* 

it     it 

6 

975 

68.8 

440 

480 

•• 

it 

ii     it 

8 

975 

63.8 

600 

600 

Note:  Silica  turbidity  results  are  given  in  parts  per  million. 

In  Table  4  the  increasing  temperature  of  the  basin  water,  during 
storage,  should  be  noted.  This  is  more  of  a  factor  in  the  South,  per- 
haps, than  in  other  localities,  where  the  temperature  of  the  air  would 
be  higher  than  that  of  the  water  for  a  shorter  period  during  any  aver- 
age year. 

At  other  seasons  of  the  year,  at  New  Orleans,  when  the  temperature 
of  the  river  water  was  not  as  low  as  that  of  the  air,  such  differences  in 
turbidity,  between  the  samples  taken  at  different  depths,  could  not  be 
observed. 

Baffles  are  important  aids  to  sedimentation,  and,  whereas  excellent 
results  in  subsiding  basins  are  obtained  when  conditions  promote 
stratification,  the  speaker  believes  that  the  ideal  baffle  is  one  which 
similates  stratification,  or,  as  Mr.  Hazen  has  said,  a  horizontal  baffle. 
In  reference  to  this,  it  may  be  interesting  to  mention  the  fact  that,  in 
water-softening  plants,  highly  increased  efficiencies  of  sedimentation 
have  been  obtained  by  a  modification  of  this  design,  that  is,  inclined 
baffles,  inclined  so  that  they  may  be  cleaned. 

A  trade,  water- softening  tank,  in  common  use,  is  an  example  of 
this  form  of  construction.  In  this  device  the  inclined  perforated 
plates  are  arranged  around  the  wall  of  the  tall  subsiding  tank;  theae 
plates  are  like  shelves  one  above  another.     They  incline  toward  the 

* ''  Report  on  Water  and  Sewerage,''  New  Orleans,  1906. 
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center,  which  is  open.     Whenever  necessary,  the  acoumulation  on  the  Mr.  WeBton. 
plates  is  washed  to  the  center  of  the  tank,  where  it  falls  to  the  bottom, 
whence  it  may  be  readily  washed  ont. 

fint  it  is  one  thing  to  remove  successfnlly  the  coarse  crystalline 
sediment  resulting  from  the  softening  process,  and  another  to  remove 
by  such  a  process  the  fine  colloidal  clay  particles  from  natural  waters. 

It  seems  to  the  speaker  that  the  ideal  condition  for  economical 
subsidence  is  that  outlined  under  Proposition  12,  in  the  paper,  where 
the  water  enters  near  the  bottom  of  the  tank  and  escapes  near  the  top. 
The  nearest  approach  to  this  condition  would  seem  to  be  basins  with 
frequent  baffles.  These  baffles  should  be  built  so  as  to  skim  the 
water  from  the  first  compartment  and  deliver  it  near  the  bottom  of  the 
following  compartment.  One  reason  for  this  is  that  the  frequent 
bringing  of  the  water  to  the  bottom  of  the  basin,  provided  always  that 
the  velocity  is  not  increased  greatly  thereby,  diminishes  the  distance 
through  which  the  particles  must  sink.  It  is  easier  to  prevent  par- 
ticles from  rising  than  to  precipitate  these  same  particles  against  the 
flame  current. 

With  this  form  of  construction,  it  would  be  easy  to  arrange  to  use 
the  whole  basin  when  conditions  were  such  that  stratification  would 
exist,  and,  if  it  did  not  exist,  the  sedimentation  basins  would  be 
broken  up  into  compartments,  thereby  diminishing  the  efiect  of  wind 
and  temperature  disturbances. 

Mr.  Hazen  bases  a  large  number  of  propositions  on  one  value  of  t 
It  would  be  interesting  to  substitute  other  values  of  t, — for  instance, 
infinity.  In  the  latter  case,  i  would  be  a  quantity  vastly  different  from 
those  mentioned  in  the  paper.  Mr.  Fuller  has  illustrated  this  phase 
of  the  conception  very  clearly  by  noting  that  part  of  the  colloidal  sus- 
pended matter,  particularly  the  fine  clay  in  the  rivers  of  the  Missis- 
sippi Basin,  never  settles,  that  is,  never  from  a  practical  standpoint. 
This  clay  is  so  fine,  however,  that  it  is  beyond  the  reach  of  plain  sub- 
sidence, and  should  be  treated  in  other  ways.  Continuing  with  this 
thought  along  the  line  of  Mr.  Hazen's  conclusions,  one  would  come  to 
believe  that  multifold  filtration,  leaving  out  of  consideration  the  ab- 
sorptive power  of  the  sand  itself,  would  not  remove  continuously  and 
completely  the  last  particles  of  fine  clay,  except  at  prohibitively  low 
rates  of  filtration. 
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Mr.  Harrison.  CHA.BLES  L.  Habbison,  M.  Am.  Sog.  C.  E. — Mr.  Ward's  suggestion 
that  the  dam  and  locks  for  controlling  the  waters  of  the  Chagres 
Biver  and  Panama  Canal  on  the  Atlantic  side  be  built  at  Gatun  instead 
of  BohiOy  is  presented  for  consideration  and  not  as  a  final  project.  In 
the  absence  of  definite  information  as  to  the  foundations,  no  attempt 
is  made  to  give  a  detailed  design,  nor  to  make  an  accurate  estimate  of 
cost.  For  the  purpose  of  giving  an  approximation  to  the  cost,  the 
author  has  made  a  comparison  with  the  dam  at  Bohio,  as  proposed  bv 
the  Isthmian  Canal  Commission,  which  is  perhaps  the  best  that  can 
be  done  in  that  direction,  in  the  light  of  present  information  on  the  • 
subject.  It  is  very  unsatisfactory  for  the  purposes  of  this  discussion 
to  have  so  little  information  concerning  the  character  and  extent  of 
the  material  overlying  the  bed-rock  at  the  proposed  location  of  the 
dam.  As  far  as  the  speaker  knows,  no  borings  have  been  made  on 
any  part  of  this  line  for  the  purpose  of  determining  the  elevation  of 
the  bed-rosk.  However,  some  comparatively  shallow  excavations  have 
been  made  in  this  vicinity  in  excavating  the  Panama  Canal  and  the 
Diversions  for  the  Gatuncillo  and  Chagres  Bivers. 

Starting  at  the  Pacific  Coast,  near  the  City  of  Panama,  the  general 
line  of  the  canal  runs  in  a  northerly  direction  to  the  Atlantic  neieur 

•This  discussion  (of  the  paper  by  C.  D.  Ward,  M.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedings tor  April,  1904),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brouj^ht  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  September  28d,  1904,  will  be  pub- 
lished subsequently. 
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OoloD ;  but,  to  avoid  oonfusion  in  the  directions,  it  will  be  considered  Mr.  Harrison, 
as  ranning  north  and  south,  and  that  part  of  the  Isthmus  extending 
toward  South  America  as  being  to  the  east.  The  range  of  mountains 
between  the  two  oceans,  and  approximately  parallel  to  their  coasts,  is 
of  volcanic  origin.  This  range  of  mountains — of  moderate  height  for 
the  entire  length  of  the  Isthmus  between  North  and  South  America — 
is  the  only  regular  feature  of  the  formation.  In  the  vicinity  of  the 
Panama  Canal  the  surface  of  the  ground  was  left  in  very  irregular 
ridges,  valleys  and  knolls  or  hills.  The  Caribbean  Sea  at  one  time 
extended  over  the  entire  area  of  what  is  now  the  alluvial  swamps  of 
the  Chagres  Biver,  as  far  inland  as  Bohio,  where  it  was  connected 
through  a  narrow  chanuel  with  a  bay  extending  over  the  area  approx- 
imating in  outline  the  lake  which  would  be  formed  after  constructing 
the  proposed  Bohio  Dam.  To  the  east  of  Obispo  there  existed  a  large 
area  with  no  direct  outlet,  north  or  south,  to  either  the  Atlantic  or 
Pacific  Oceans,  and  the  drainage  from  it  flowed  west  to  Obispo  and 
thence  north  in  the  lowest  valley  to  the  Atlantic.  The  heavy  tropical 
rains,  falling  on  soil  unprotected  by  vegetation,  evidently  carried 
large  quantities  of  silt  toward  the  sea,  and  resulted  in  first  filling  up 
the  valley  between  Obispo  and  Bohio  and  later  forming  the  swamps 
between  Bohio  and  the  sea.  This  seems  to  be  the  probable  geological 
history  of  the  formation  of  the  present  Chagres  Biver  and  the  low 
lands  adjacent  to  it.  It  is  possible  that  there  may  have  been  consider- 
able subsidence  of  the  coastal  territory,  as  seems  fairly  well  established 
some  distance  westward  along  the  Nicaragua  Coast.  In  making  the 
borings  at  the  site  of  the  Bohio  Dam,  pieces  of  timber  were  encoun- 
tered at  a  depth  of  about  100  ft.  below  sea  level,  and,  in  one  hole,  a 
log  of  at  least  1  ft.  in  diameter  was  found  at  this  depth.  Also,  in 
places,  sand  to  a  depth  of  100  ft.  overlies  the  bed-rock.  These  data 
indicate  that  at  one  time  the  bed  of  the  stream  corresponded  with  the 
^  present  rock  surface,  and  that  the  entire  deposit  overlying  it  was 
formed  in  running  water. 

Between  Bohio  and  the  sea  a  great  many  knolls  of  rock  project  in 
the  ancient  valley.  Some  have  their  tops  about  level  with  the  present 
swamps,  others  are  many  feet  below  it,  and  still  others  exist  as  rocky 
islands.  With  such  an  irregular  formation,  and  in  the  absence  of 
borings,  the  depth  to  rock  between  these  knolls  cannot  be  guessed 
with  any  degree  of  probability.  In  fact,  some  of  the  knolls  which 
project  above  the  swamp  are  not  shown  on  the  existing  contour  maps 
of  this  territory.  This  is  not  surprising  when  the  great  difficulties  of 
making  surveys  in  that  country  are  known.  The  low  lands  are  cov- 
ered with  a  tropical  growth  so  dense  that  it  is  impossible  to  see  into 
it  more  than  a  few  feet,  and  lines  must  be  cut  to  every  point  where  an 
elevation  is  to  be  taken.  It  is  possible  to  run  a  line  within  100  ft.  of 
a  bill  from  30  to  40  ft.  high  and  not  discover  its  existence.     Just 
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Mr.  ftorriaon.  south  of  the  west  end  of  the  proposed  Gatun  Dam,  Plate  XXI,  will 
be  seen  an  excavation  starting  from  the  Chagres  River.  It  is  related 
that  when  this  cut  was  begun  it  was  int^ended  to  connect  with  a  tan- 
gent of  the  cut  north  of  the  proposed  Gatan  Dam,  and  thus  form  a 
channel  for  diverting  the  waters  of  the  Chagres;  but,  after  the  work 
had  progressed  for  the  distance  from  the  river  shown  on  the  map,  a 
rocky  hill  was  discovered — the  existence  of  which  had  not  been  known 
before — and  the  diversion  channel  was  moved  further  down  stream,  as 
shown.  A  heavy  wooded  growth,  not  only  makes  surveys  difficult 
and  expensive,  but  conceals  the  irregalarities  of  the  ground  surface. 

Evidently,  the  existing  contour  maps  were  not  intended  to  be  made 
in  that  detail  and  extent  necessary  to  give  the  information  for  locating 
a  dam  to  be  built  to  a  height  of  lOJ  ft.  above  sea  level  in  the  neighbor- 
hood of  Gatun.  It  is  possible  that  careful  surveys  would  develop  the 
necessity  of  building  dams  or  dikes,  other  than  the  one  shown  on  Plate 
XXI,  to  impound  water  at  Elevation  90  in  the  lake.  The  existence  of 
a  proper  location  for  a  spillway  to  discharge  the  flood  waters  of  the 
Charges  is  a  very  important  item.  If  located  near  the  east  end  of  the 
dam,  it  would  be  expensive  and  would  discharge  the  water  into  the 
canal  below  the  dam,  unless  this  were  obviated  by  constructing  for  it 
a  separate  diversion  channel  to  the  sea.  A  small  channel  has  already 
been  excavated  for  diverting  the  waters  of  the  Bio  Gatuncillo  and  the 
Mindi,  but  it  would  have  to  be  enlarged  very  much  to  take  the  flood 
waters  of  the  Chagres.  By  locating  the  spillway  near  the  west  end  of 
the  dam,  the  floods  would  discharge  through  the  Chagres  into  the  sea 
[  without  interfering  with  the  canal,  but  a  good  location  for  it  is  not' 

shown  on  the  maps. 

With  existing  data  as  to  the  contour  of  the  country  and  the  char- 
acter of  the  foundations,  it  seems  to  be  impossible  to  make  an  estimate 
of  the  cost  of  the  Gatun  Dam,  or  to  make  a  satisfactory  design.  For 
the  purpose  of  making  the  estimate  of  cost,  the  author  has  compared 
its  length  with  that  of  the  dam  at  Bohio  proposed  by  the  Isthmian 
Canal  Commission.  This  may  not  be  a  proper  comparison.  The  length 
of  the  Gatun  Dam  may  be  greater  than  estimated,  and  the  depth  to 
rock  foundation  is  an  unknown  quantity.  In  the  paper*  on  **The 
Bohio  Dam,"  by  the  late  George  S.  Morison,  Past-President,  Am.  Soc. 
C.  E.,  is  given,  in  Fig.  2,  the  location  of  several  sections  where  borings 
,   ,  were  made.     The  cross-sections  of  the  valley,  on  these  lines,  are  shown 

5|  in  Fig.  3.     It  will  be  seen  that  Sections  G,  By  C  and  D  are  all  shorter 

than  Section  Fy  and  that  the  depth  of  rock  on  Section  F  is  less  than 
on  any  of  the  others.  In  the  last-named  location  the  greatest  depth 
to  rock  is  west  of  the  river,  and  not  under  its  present  bed,  which,  for 
reasons  that  need  not  be  given  in  detail  here,  was  considered  a  favor- 
able circumstance.     Although  the  depth,  even  here,  was  greater  than 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVm,  p.  235. 
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at  any  other  place  where  f  otrndations  of  magnitude  have  been  attempted  Mr.  Harrison. 

heretofore  by  the  pnenmatic  process,  the  adoption  of  this  location  for 

this  purpose  seemed  advisable.     The  Isthmian  Canal  Commission, 

therefore,  selected  a  location  where  the  bed-rock  was  highest,  thoagh 

it  gave  a  greater  length  of  dam.     Doubtless,  it  was  of  the  opinion  that 

the  cost  of  construction  on  this  line  would  be  less  per  linear  foot  than 

on  any  of  the  other  lines,  and  the  hazards  of  construction  much  less. 

In  view  of  the  unknown  depth  to  good  foundations  at  Gatun,  the  cost 

of  that  dam  per  linear  foot  may  differ  very  markedly  from  the  one  at 

the  Bohio  location.     That  the  cost  would  be  very  great,  there  is  no 

doubt,  but  the  data  are  not  sufficient  to  make  even  an  approximate 

estimate. 

It  is  suggested  that  in  case  the  90-f  t.  dam  is  thought  inadvisable, 
one  to  impound  the  water  at  Elevation  45  might  be  built.  This  is  open 
to  the  same  objection  as  the  90f  fc.  dam,  though  the  risk  might  not  be 
as  great. 

''This  elevation  is  suggested,  as  45  ft.  seems  to  be  the  maximum 
permissible  lift  for  a  lock."  Why  this  is  so  is  not  clear.  The  lock 
walls  can  be  built  just  as  strong  for  a  50-ft.  lift  as  for  a  45-ft.  lift.  The 
uncertainty,  if  any,  must  then  exist  in  the  lock  gates.  These  would 
be  of  metal,  and  could  as  well  be  designed  to  withstand  the  water 
pressure  due  to  a  50-ft.  head  as  for  that  due  to  a  45-ft.  head.  A  bridge 
of  100-ft.  span  can  be  designed  to  carry  a  load  of  100  lbs.  per  square 
foot,  and  one  of  500- ft.  span  can  be  designed  to  carry  the  same  load. 
One  would  not  be  considered  less  safe  than  the  other  under  this  load- 
ing. The  same  reasoning  can  be  applied  to  lock  gates.  Under  some 
conditions,  the  quantity  of  water  used  at  each  lockage  might  be  a  con- 
trolling factor  in  determining  the  lift.  If  it  is  assumed  that  the  gates 
will  be  wrecked  by  vessels:  such  accidents  are  as  likely  to  happen  to 
one  as  to  the  other.  The  loss  of  water  from  the  reservoir,  when  the 
lift  of  the  lock  is  greater  than  the  depth  of  the  channel,  will  be  the 
same  in  each  case,  as  it  is  controlled  by  the  elevation  of  the  upper 
miter  sill.  It  is  believed  that  the  lift  of  the  lock  need  not  limit  to 
45  ft.  the  height  of  the  alternate  dam.  The  Board  of  Engineers  on 
Deep  Waterways,  iu  June,  1900,  reported  on  a  ship  canal  from  the 
Great  Lakes  to  the  Atlantic  tide  waters,  and  recommended  a  lock  of 
52-ft.  lift  on  that  part  of  the  canal  between  the  St.  Lawrence  Biver 
and  Lake  Champlain.  There  seems  to  be  no  reason  why  it  could  not 
be  built  and  operated  successfully. 

It  is  also  possible  that  the  advantages,  in  navigating  a  broad, 
shallow  channel,  over  those  of  a  restricted,  well-defined  channel,  are 
over-estimated. 

In  all  the  studies  for  a  high-level  canal  at  Panama,  the  dam  on  the 
Atlantic  slope  has  presented  the  greatest  difficulties,  and  has  seemed 
to  be  recognized  as  the  least  safe  structure  in  the  entire  project.     If 
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Mr.  Harrison,  this  view  is  correct,  it  would  be  prudent  not  to  increase  these  nncer- 
tainties  bj  building  the  dam  unnecessarily  long. 

A  study  of  the  contour  maps  and  an  inspection  of  the  country  along 
the  route  of  the  canal  show  that  the  narrowest  point  in  the  yallej  is 
in  the  vicinity  of  the  proposed  Bohio  Dam.  If  the  dam  were  located 
above  this,  it  would  be  in  a  wide  basin;  and,  if  below,  it  would  be  in 
the  broad  swamps  of  the  Chagres. 

It  is  intended  in  these  remarks  only  to  point  out  more  fully  the 
physical  conditions,  as  far  as  they  are  known,  at  the  two  sites,  Bohio 
and  Ckttun.  It  is  conceivable,  although  extremely  improbable,  that 
further  surface  and  sub-surface  examinations  at  the  Gatun  location 
may  reveal  conditions  making  the  comparison  more  favorable  to  it 
than  the  present  information  would  indicate. 

The  dam  proposed  at  La  Boca,  near  the  Pacific  terminus  of  the 
canal,  seems  even  less  advisable  than  the  Gatun  Dam. 


Hi 
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t       Bobebt  Bbewsteb  Stanton,  M.  Am.  Sog.  C.  E. — The  subject  of  Mr.  Stanton. 
*' Lateral  Earth  Pressures"  has  been  one  of  great   interest  to  the 
speaker  for  the  past  thirty  years,  especially  in  connection  with  the 

«  phenomena  of  great  land  slides,  both  natural  and  artificial,  with 
which  he  has  been  specially  connected,  beginning  with  the  construc- 
tion of  the  Cincinnati  Southern  Bailway  in  Tennessee  in  1874. 

The  author  of  the  paper  is  to  be  congratulated  upon  his  careful 
and  painstaking  study  of  the  subject,  from  the  technical  and  mathe- 
matical side  of  the  question;  and  all  engineers  engaged  in  public 
works,  where  such  conditions  are  encountered,  owe  him  and  other 
mathematical  investigators  a  debt  of  gratitude. 

Every  engineer  who  has  made  a  study  of  this  subject,  and  has  had 
occasion  to  apply  the  same  in  practice,  knows  full  well  the  great  value 
to  the  profession  of  all  such  scientific  discussions,  and  the  mathe- 
matical formulas  deduced  from  experiments  in  the  laboratory.  The 
speaker  has  no  intention  whatever  of  casting  any  reflection  upon  such 
mathematical  investigations,  either  pure  or  applied,  for  in  years  gone 
by  he  himself  has  been  somewhat  of  a  mathematical  gymnast,  but 
be  desires  to  call  attention  to  one  or  two  very  important  facts,  which, 

♦  Continued  from  May,  1904,  Proceedings.  See  March,  1904,  Proceedings^  for  paper 
on  this  subject  by  E.  P.  Goodrich,  Jun.  Am.  Soc.  0.  E. 
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Mr.  Stanton,  it  wonld  seem,  are  almost  entirely  omitted  in  investigating  lateral 
earth  pressures  and  land-slide  phenomena. 

More  than  thirty  years'  experience  in  contact  with  actual  condi- 
tions in  Nature,  throughout  the  Rocky  Mountain  region  from  Canada 
to  Mexico,  has  convinced  the  speaker  that,  in  the  construction  of  re- 
taining walls,  and  other  works  to  resist  lateral  earth  pressures,  and  in 
the  investigation  of  the  causes  of  great  land  slides,  two  most  impor- 
tant conditions  are  usually  overlooked. 

The  mathematical  formulas  are  absolutely  correct,  as  deduced 
from  the  conditions,  as  stated;  but,  how  often  are  just  such  conditions 
found  on  the  mountain  side,  in  the  reservoir,  or  in  the  great  land 
slides  of  the  world?  The  mechanical  condition!?  are  there,  and  the 
mathematically  calculated  results  should  occur;  but,  how  often  are 
the  beautiful  formulas  entirely  upset  and  made  utterly  useless  by 
Nature  quietly  inserting  some  little  geological  or  chemical  coefficient 
which  has  been  entirely  neglected  in  the  calculations  ? 

Hence,  the  point  to  which  it  is  intended  to  draw  particular  atten- 
tion, is  the  dependence  of  every  such  formula  and  all  such  investiga- 
tions upon  the  **  interdependence  of  all  sciences,  as  applied  to  engi- 
neering works." 

In  the  discussion  of  lateral  earth  pressures  and  the  causes  and 
eflfects  of  great  natural  land  slides  which  produce  such  tremendous 
lateral  pressures,  two  other  sciences,  namely,  geology  and  chemistry, 
are  absolutely  necessary — in  addition  to  the  mathematics — and  per- 
haps some  others  also. 

About  eight  years  ago  the  speaker  was  employed  by  the  Canadian 
Pacific  Railway  Company,  to  examine  and  report  upon  the  great  land 
slides  on  the  Thompson  River,  in  British  Columbia,  and  it  is  in- 
tended now  to  give  only  a  few  facts  from  the  results  of  that  investi- 
gation, to  illustrate  the  point  in  hand,  for  the  reason  that  tome,  at 
least,  may  not  find  time  to  read  a  paper*  by  the  speaker  on  this  sub- 
ject in  which  the  jjeculiar  conditions  encountered  and  the  methods 
of  investigation  are  described  at  some  length. 

To  be  very  brief:  The  slides  referred  to  occurred  at  a  point  on  the 

Canadian  Pacific  Railway  about  200  miles  east  of  Vancouver,  B.  C 

near  where   the  railway   passes   through  the   Black   Caiion  Tunnel. 

This  portion  of  the  Thompson  River  traverses  a  gorge  about  5  miles 

wide  at  the  top,    and  about  2  000  ft.    deep,  with   hills  and  higher 

ranges  rising  back  on  each  side  to  elevations  between  5  000  and  7  OOO 

ft.     The  river  runs  in  an  inner  gorge.     There  is  but  little  bottom  land 

near  the  river,  the  real  banks  of  which  are  from  50  to  150  ft.  above 

low  water,  and  which  extend  upward  in  benches  and  terraces  back 

from  the  river  and  to  much  greater  heights. 

*  ''The  Great  Land-Slides  on  the  Canadian  Pacific  Railway  in  British  Ck>lumbia.''  Bv 
Robert  Brewster  Stanton,  M.  Inst.  C.  E.,  Minutes  of  Proceedings^  Inst.  C.  E.,  Vol. 
CXXXII,  p.  1. 
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Up  to  the  time  of  the  speaker's  examination  it  had  been  believed  Mr.  Stanton, 
that  the  great  slides  were  caused  by  a  seam  of  clay  on  bed-rock,  sim- 
ilar to  the  Portland  slides,  and  so  common  in  most  such  land  slides  or 
slips.  The  water  from  the  irrigation  of  farming  lands  on  the  benches 
above  (which  had  always  been  understood  as  the  direct  cause  of  the 
slides)  was  supposed  to  have  sunk  down  through  the  underlying 
material,  and,  lubricating  the  stratum  of  clay  on  bed-rock,  destroyed 
its  friction,  and  enabled  the  mass  to  slip  down  an  incline  into  the 
river,  carrying  the  railroad  embankments  and  cuts  with  it. 

As  an  explanation,  it  may  be  of  interest  to  state  that  in  this  section 
of  British  Columbia,  only  ICO  miles  east  of  the  Pacific  Coast,  where 
the  rainfall  at  Vancouver  attains  62  ins.,  and  at  other  points  even 
exceeds  150  ins.  per  annum,  there  is  a  country  as  hot  and  dry  as 
Arizona,  where  not  a  blade  of  grass  can'  be  raised  without  irrigation, 
and  the  temperature  ranges  from  120^  in  summer  to  — 60°  in  winter. 

After  a  careful  and  extended  examination  of  the  slides  and  the 
country  around  them,  the  speaker  was  convinced  that  no  such  stratum 
of  clay  and  no  bed-rock  sloping  toward  the  river  existed,  at  least 
above  the  bed  of  the  river,  so  as  to  cause  the  results  noted;  and 
that,  although  the  irrigation  water  was  in  fact  the  direct  cause  of  the 
movements,  the  question  was  not  one  of  mechanics  or  mathematics, 
but  rather  one  of  geology  and  chemistry,  influenced  perhaps  by  some 
remoter  sciences. 

There  were  eight  separate  portions  affected,  six  being  compara- 
tively small,  with  two  very  important  slips  known  as  the  *•  North  "  and 
*' South"  slides.  At  both  places  the  country  originally  sloped  up 
from  the  river  in  a  series  of  benches  or  terraces  to  the  first  line  of 
bills.  The  south  slide  has  an  extreme  length  of  1  880  ft.  along  the 
railway,  and  an  extreme  width,  back  from  the  river,  of  1  575  ft.  It  is 
of  somewhat  irregular  form,  with  a  semicircular  outline  at  the  back, 
and  covers  an  area  of  66  acres.  The  north  slide  has  a  maximum  width 
at  its  widest  portion  of  nearly  0.5  mile,  and  a  length,  back  from  the 
river,  approaching  0.75  mile,  with  the  same  semicircular  back  line.  It 
is  of  irregular  form,  and  covers  an  area  of  155  acres.  The  height  of 
the  fijrst  bench  next  to  the  river,  in  both  cases,  was  originally  about 
80  ft.  above  low-water  level.  The  land  then  rose  in  successive  levt'ls 
to  a  height,  on  the  south  slide,  of  400  ft.  to  the  bench  at  the  top,  or 
back  edge,  where  the  cave-down  broke  off  the  solid  ground,  and,  in 
the  case  of  the  north  slide,  it  extended  to  the  third  higher  bench  500 
ft.  above  the  river.  It  is  impossible  to  ascertain  at  what  depth  these 
enormous  masses  of  earth  and  loose  rock  broke,  or,  in  other  words, 
the  depth  of  the  plane  on  which  the  mass  moved  toward  the  river; 
bat  it  is  estimated  that  at  the  back  edge  of  the  south  slide  the  break 
fell  al-nost  vertically  for  a  distance  of  more  than  300  ft.,  and  on  the 
north  slide  perhaps  more  than  400  ft. 
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■r.  stantoo.  Speaking  generally,  after  the  great  vaUey  of  the  Thompson  River 
was  ent  oat  by  glacial  action,  it  was  filled  again  with  glacial  drift  and 
silt,  and  once  more  the  river  cut  its  channel  down  through  this  glacial 
deposit  and  now  flows  in  a  narrow  gorge,  within  the  greater  one, 
which  slopes  in  benches  and  terraces  np  to  the  hills  and  mountains 
on  both  sides. 

The  terraces  on  each  side  of  the  valley  along  this  section  consist 
of  the  soil  on  the  top  of  each  bench  of  light  sandy  loam  to  the  depth 
of  from  1  ft.  to  8  ft.  Below,  in  places,  is  found  from  3  to  10  ft.  of  clean 
coarse  river  sand.  Next  occurs  loose  and  nearly  clean  stratified  gravel 
and  boulders,  and  below  this  a  partially  cemented  gravel  with  larger 
boulders.  The  material  which  holds  together  the  gravel  and  stones  of 
this  formation  is  boulder  clay,  a  porous  arenaceous  clay  silt,  through 
which  water  passes  freely,  yet  which,  in  a  dry  state,  will  stand  in 
vertical  walls  to  a  considerable  height.  It  extends  to  a  greater  depth 
on  the  higher  terraces;  in  places  it  is  perhaps  500  ft.  deep.  The 
boulder  clay  is  here  found  in  two  forms:  in  its  original  form,  as  first 
laid  down;  and,  especiaUy  upon  the  lower  benches  next  to  the  river, 
in  a  secondary  or  rearranged  form.      Under  the  lower  benches,  par-  \ 

ticnlorly  under  the  slips,  there  is  a  deposit  of  silt  or  imperfect  clay,  | 

which  shows  in  places  to  a  depth  of  from  50  to  200  ft.    It  is  the  same  | 

silt  which  forms  and  binds  together  the  boulders  of  the  boulder  clay, 
but  is  entirely  free  from  gravel  or  boulders.     These  lower  deposits  | 

have  been  named  the  white  silt  deposits.     '*  They  are  generally  fine  \ 

and  uniform  in  texture,  and  are  usually  well  bedded  in  perfectly  I 

horizontal  layers  from  i  in.  to  4  ins.  in  thickness,"  with  occasional  > 

sandy  seams  and  small  pockets  of  coarse  sand,  formed  locally,  ap- 
pearing in  places. 

By  the  continued  application  of  large  quantities  of  irrigation  water 
upon  the  cultivated  fields  above,  and  upon  the  upper  portions  of  what 
are  now  the  slides,  almost  the  entire  surplus  not  absorbed  by  the 
plants  or  evaporated,  sank  down  freely  through  the  loose  soil,  sand 
and  gravel;  and,  while  not  as  readily,  yet  with  considerable  ease, 
through  the  boulder  clay,  and  reached  the  underlying  silt.  After 
some  years  this  water  saturated  the  argillaceous  silt  and  converted  it 
into  the  form  of  river  mud  of  about  the  consistency  of  thick  pea-soup. 
Long  before  the  whole  mass,  or  even  a  very  large  part  of  it,  reached  a 
state  of  perfect  saturation,  the  silt  would  lose  its  power  of  sustaining 
weight.  In  the  two  places  here  referred  to,  on  account  of  the  peculiar 
topographical  and  geological  contour  of  the  country,  the  water  applied 
at  the  back  was  concentrated,  comparatively  speaking,  into  one  chan- 
nel of  descent  (in  each  place)  to  the  body  of  silt  below,  and  thence  it 
penetrated  in  every  direction.  The  process  of  saturation  required 
many  years  to  produce  any  results,  for  if  a  considerable  quantity  of 
the  silt  had  become  saturated  to  the  point  at  which  it  would  lose  all 
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cohesion,  it  woald  not  move,  on  acoonnt  of  there  being  so  great  a  dis-  Mr.  Stanton, 
tance  to  any  point  of  outlet,  together  wich  the  self-supporting  power 
of  the  boulder  olaj  in  its  confined  position,  which  was  nearly  all  ab- 
solutely dry  over  the  slip;  hence  a  large  extent  of  the  underlying  silt 
became  more  or  less  saturated  before  it  could  find  an  outlet  in  any 
direction,  even  with  a  considerable  weight  upon  it  in  its  more  or  less 
semi-liquid  state.  Finally,  when  a  large  body  of  the  silt  had  become 
saturated  to  such  an  extent  that  it  could  not  sustain  even  its  own 
weight,  except  in  its  confined  position,  and  the  limit  of  resistances 
possibly  in  the  form  of  an  arch,  of  the  boulder  clay  had  been  reached, 
the  great  mass  of  earth  and  boulders  above— in  the  case  of  the  south 
slide,  estimated  as  weighing  some  32  000  000  tons,  and  of  the  north 
slide  approaching  100  000  000  tons — the  whole  mass  dropped  almost 
Tertically,  while  the  immense  tracts  of  broken  and  mixed  material 
seeking  an  outlet  forced  their  lower  sides  out  on  the  line  of  least  re- 
sistance and  found  their  way  into  the  river.  This  action  is  distinctly 
shown  by  the  almost  vertical  walls  in  the  boulder  clay  along  the  out- 
line of  these  two  slides.  While  at  their  foot  there  is  now  a  talus  slope 
of  crumbled  material,  these  walls  stand  vertically  to  a  height  of  from 
50  to  200  ft.,  more  clearly  shown  in  the  north  slide,  where  the  vertical 
cliffs  of  boulder  clay,  and  in  places  of  the  silt  itself,  extend  around  the 
whole  slide  for  a  distance  of  more  than  1.5  miles.  It  is  also  shown  by 
the  present  position  of  large  sections  of  the  original  surface  of  the 
highest  bench,  which  broke  off  at  the  line  of  the  back  wall,  and  which 
now  stand  in  the  sunken  mass  at  an  angle  of  about  45^,  with  their 
former  level  surfaces  tilted  back  and  away  from  the  river.  The  back 
edge  thus  dropped  first  and  lower  than  the  portion  some  distance  in  » 

front  of  it.  In  dropping  and  pushing  out  toward  the  river,  the  whole 
tract  was  broken  into  sections  by  great  cracks,  which  still  exist.  The 
larger  cracks  run  parallel  with  the  river  and  at  right  angles  to  the  line 
of  movement,  while  other  and  smaller  cracks  run  in  every  direction, 
catting  the  whole  into  blocks  of  boulder  clay  and  dry  silt. 

In  every  instance  noted,  these  slides  occurred  from  3  to  6  years 
after  irrigation  began  at  each  point.  In  the  case  of  the  larger  one, 
the  great  north  slide,  the  final  catastrophe  was  hastened  by  the  burst- 
ing of  a  small  reservoir.  A  very  large  quantity  of  water  was  necessary 
for  raising  crops,  on  account  of  the  sandy  nature  of  the  soil  and  the 
nature  of  the  subsoil.  The  topography  of  the  several  benches  assisted 
materially  toward  the  final  result.  Each  field  being  in  the  form  of  a 
shallow  basin,  around  which  the  irrigation  ditches  were  built,  little 
of  the  surplus  water  was  drained  off;  hence  the  greater  part  of  that 
not  taken  up  by  the  plants  or  by  evaporation  ran  toward  the  center  of 
the  field  and  soaked  down  in  one  channel. 

A  most  important  question  here  arose,  and  was  pressed  hard  in  the 
trial  of  a  suit  for  injunction  before  the  Supreme  Court  of  British 
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Mr.  Stanton.  Columbia,  which  suit  went  through  all  the  courts  of  appeal  of  Canada 
and  was  finally  settled  in  favor  of  the  Railroad  Company  in  the  Privy 
Council  in  London.  The  question  was  this:  How  could  the  silt, 
which  melted  so  quickly  into  slimy  mud  in  still  water,  stand  in  verti- 
cal walls  100  ft.  high,  and  resist  the  action,  for  centuries,  of  the  river 
running  against  its  sides  and  not  melt  down  at  all? 

As  to  the  action  of  the  water  upon  the  peculiar  masses  of  silt  which 
at  present  underlie  the  benches  and  terraces  along  the  Thompson 
Biver,  a  number  of  curious  facts  were  noted  in  and  around  the  south 
slide,  which  at  first  seemed  most  difficult  to  explain.  The  silt  or  im- 
perfect clay,  which  lies  at  some  points  in  this  section  in  masses  from 
200  to  1  000  ft.  in  thickness,  is  generally  fine  and  of  uniform  texture, 
and  is  usually  well  bedded  in  horizontal  layers  of  from  J  in.  to  3  or  4 
ins.  thick.  In  its  natural  state  it  is  hard  and  dry,  like  a  soft  sandstone, 
and,  wheu  held  between  the  fingers  and  struck  with  a  light  hammer, 
rings  like  stone.  A  large  piece  of  this  silt,  however,  placed  in  a  basin 
of  water  dissolves  after  a  few  minutes  and  falls  down,  not  in  a  lump 
as  clay,  but  mingles  with  the  water,  forming  a  semi-fluid  mass  like 
thick  pea-soup.  The  same  soft  mixture  was  observed  oozing  out  at 
many  points  along  the  foot  of  the  slide,  forced  out  by  pressure  from 
above;  so  the  question  arose,  how  was  it  that  this  silt  stood  in  vertical 
walls  from  10  to  100  ft.  in  height  along  the  Thompson  River,  with  the 
waters  of  the  stream  running  along  and  against  their  base,  and  at 
high  water  some  distance  up  them,  and  yet  they  had  stood  for  ages, 
and  were  but  little  injured,  except  by  slight  atmospheric  disinte- 
gration ? 

The  silt  is  formed  of  three  principal  parts— silica,  in  the  form  of 
coarse  and  fine  sand,  and  alumina  in  two  forms,  first,  disintegrated 
feldspar,  simply  separated  mechanically  into  grains,  both  coarse  and 
fine,  also  in  the  form  of  sand,  and  constituting  a  large  part  of  the 
mass;  and  second,  decomposed  feldspar  or  plastic  clay.  Under  the 
action  of  running  water,  the  sand,  both  the  silica  and  the  disinte- 
grated feldspar,  is  washed  out  of  and  off  from  the  surface,  while  the 
decomposed  feldspar  is  precipitated  and  forms  a  coating  of  true  plas- 
tic clay  upon  the  massi  which  soon  becomes  impervious  to  the  water 
and  is  practically  indestructible,  thus  protecting  the  underlying  silt 
from  further  action  of  the  water.  The  result  of  a  chemical  examina- 
tion *  of  the  material  is  given  in  the  paper  referred  to. 

Mr.  H.  J.  Warsap,  the  chemist  who  made  the  analysis,  also  sug- 
gests the  chemical  action  and  assistance  of  the  carbonic  acid  of  the 
atmosphere,  and  ammonia,  if  present  in  the  clay  and  the  lime,  in 
forming  this  impervious  coating.  The  mechanical  action  of  separa- 
tion and  precipitation  noted  above,  it  is  believed,  accounts  for  all 
the  peculiar  phenomena  observed  at  every  point  in  and  around  the 
slides. 

♦  Minute*  of  Proceedings,  Inst.  C.  E.,  Vol.  CXXXII,  p.  20. 
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The  great  quantity  of  irrigation  water  soaked  downward  into  the  Mr.  Stanton, 
mass  of  silt.  It  would  absorb  bS%  of  water  without  changing  its  form, 
yet  with  only  about  35%  it  would  be  incapable  of  sustaining  any  great 
weight  except  in  its  confined  position.  After  the  final  breakdown, 
and  its  release  into  the  river  with  the  continual  application  of  water, 
and  still  being  under  pressure,  this  semi-liquid  silt,  containing  all  its 
original  constituents,  is  forced  out  at  the  foot  of  the  slide  in  great 
quantities.  If  a  man  steps  on  this  ooze  he  is  likely  to  sink  into  it, 
while,  within  only  a  few  feet  of  such  a  spot,  when  examined  by  the 
speaker,  there  lay  a  large  block  of  the  same  silt  which  had  fallen  over 
into  the  river  in  a  dry  state,  and  over  which  the  last  season's  high 
water  had  run;  it  stood  up  3  or  4  ft.  above  the  level  of  the  river  beach, 
and  the  speaker  walked  and  jumped  upon  it  without  making  any  im- 
pression. Breaking  oflf  a  piece  of  this  block,  it  was  found  that,  less 
than  1  in.  under  the  surface,  the  silt  was  in  its  original  form,  and  easily 
dissolved  in  water.  In  the  river,  under  low  water,  were  also  observed 
great  masses  of  this  silt  which  had  fallen  over  into  the  river  in  blocks, 
over  the  surface  of  which  the  river  had  run  for  years  without  carrying 
them  away.  On  the  other  hand,  the  backwater  in  an  eddy  soaking 
through  the  cracks  and  getting  behind  and  around  other  blocks  dis- 
solved them  completely,  and  the  river  carried  them  away. 

It  has  been  suggested  by  Emil  Kuichling,  M.  Am.  Soc.  C.  E.,  that 
there  may  be  other  causes  which  enter  into  the  foimation  of  the  pro- 
tecting surface  so  quickly  placed  on  the  mass  of  silt  or  clay  when 
exposed  to  the  action  of  running  water  and  which  thus  prevents  its 
destruction.  The  particular  additional  science  to  which  Mr.  Kuich- 
ling  refers  being  that  of  biology.  Mr.  Kuichling  has  made  quite  ex- 
tensive study  and  examination  into  the  development  of  the  vegetable, 
and  by  some  thought  to  be  even  animal,  life  on  the  surface  of  newly 
exposed  clay  banks,  especially  in  brick  yards. 

It  is  not  for  the  speaker  to  refute  any  such  scientific  suggestion 
when  coming  from  Mr.  Kuichling.  The  subject  is  one  in  which  the 
speaker  has  been  somewhat  interested,  and  has  observed  and  noted 
the  growth  of  vegetable  life,  and  its  undoubted  protection,  upon  almost 
vertical  railroad  cuts,  along  the  Missouri  River  between  Omaha  and 
Platsmouth,  Nebraska,  where  from  his  personal  knowledge,  these  banks 
have  stood  for  more  than  twenty  years,  still  showing  the  marks  of  the 
picks  used  in  their  first  excavation,  and  also  upon  cuts  on  railroads 
and  common  wagon  roads,  in  the  neighborhood  of  Vicksburg,  Missis- 
sippi. 

The  part  that  biology  may  play  in  the  protection  of  all  these  banks 
or  walls  of  clay  or  silt  is  a  most  interesting  one,  and  one  that  should 
receive  careful  study,  but  it  is  not  one  that  the  speaker  can  now  enter 
fully  into  for  two  reasons:  First,  not  having  the  necessary  accurate 
and  detailed  information,  and  secondly,  not  having  the  time  to  give 
this  subject  sufficient  study. 
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Mr,  Stanton.  Still  there  are  one  or  two  considerations  which  wonld  seem,  with- 
out further  knowledge,  to  answer  partly,  if  not  completely,  Mr.  Kuich- 
liDg*8  suggestion  when  applied  to  the  vertical  walls  of  silt  on  the 
Thompson  Biver. 

The  action  of  the  runniDg  water,  in  taking  away  the  silica  and 
feldspar  sand,  and  precipitating  the  plastic  clay  protection,  is  almost 
iDstantaneous;  if  it  were  not  so,  the  wall  would  crumble  and  be  washed 
away. 

Is  it  possible  that  plant  life,  even  though  the  seeds,  howsoever 
minute  and  howsoever  numerous,  exist,  as  stated,  in  the  clay  itself, 
could  germinate,  take  root,  and  form  such  protection  in  an  inappre- 
ciable instant  of  time  ? 

That  such  plant  life  does  form  and  protect  many  clay  banks,  as 
observed  and  noted  on  the  railway  cuts  in  Nebraska  and  Mississippi, 
is  entirely  correct;  but  has  not  such  formation  required  considerable 
time,  as  compared  with  the  instantaneous  action  of  the  running  water 
on  the  silt  in  British  Columbia? 

Further,  from  many  experiments  in  the  propagation  of  disease 
— the  very  subject  which  Mr.  Kuiohling  was  investigating  for  the 
New  York  Board  of  Health — it  is  claimed  by  very  high  authority 
that  the  germs  from  which  the  vegetable  and  even  animal  life  come 
are  more  likely  those  deposited  upon  the  clay  from  the  air.  Not  at- 
tempting at  this  time  to  prove  or  disprove  this  claim;  if  it  is  true, 
it  would  seem  that  it  would  require  a  still  longer  time  to  produce 
such  life  and  growth  as  would  protect  the  silt  walls  from  the  water 
action. 

In  either  case,  it  would  appear  that  the  mechanical  action  of  the 
running  water,  as  described  above,  perhaps  coupled  with  the  chemical 
action,  suggested  by  the  chemist,  Mr.  Warsap,  entirely  accounts  for 
the  observed  phenomena  on  the  Thompson  Biver. 

However,  the  suggestion  of  geology,  as  a  third  science  to  be 
studied,  places  more  emphasis  upon  the  subject  of  this  discussion — 
the  absolute  necessity  for  engineers  engaged  in  the  construction  of 
permanent  works,  more  particularly  reservoirs,  railway  embankments, 
retaining  walls  and  other  structures  intended  to  resist  lateral  earth 
pressure,  to  study,  besides  mathematics  and  mechanics,  all  kindred 
sciences  which  may  possibly  enter  into  and  affect  the  final  conclusions 
and  results. 

Hence,  it  is  particularly  urged  upon  young  engineers,  and  in 
fact  upon  all,  before  constructing  such  works,  to  fiind  out  first  ex- 
actly what  the  material  really  is,  both  geologically,  chemically  and 
otherwise,  and  then  calculate  mathematically  its  mechanical  oper- 
ation. 

Perhaps  it  may  not  be  out  of  place  hero  to  ask  a  question  or  two 
which,  it  is  hoped,  may  bring  out  discussion  which  will  throw  light 
upon  this  general  subject. 
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Has  not  the  modem  specializing  of  the  engineering  profession  into  Mr.  Stanton, 
the  nnmerons  special  branches  tended  to  cause  many,  particularly 
young,  engineers,  to  feel,  and,  to  their  injury,  to  act  upon  the  feeling, 
that  their  particular  branch  was  the  one  all  important,  and  thus  be  led 
into  such  errors  as  noted  in  connection  with  all  previous  investigations 
of  the  British  Columbia  land  slides? 

No  one  appreciates  more  fully  than  the  speaker  the  advantages  of 
special  technical  education  and  a  thorough  knowledge  of  one  subject 
at  least,  and  the  disadvantages  of  its  absence,  and  thus  possibly  being 
a  '*  Jack  of  all  trades,"  but  did  not  the  old-fashioned  practice  of  civil 
engineering — which  embraced  everything  except  military  works— im- 
pel the  engineer,  placed  far  out  on  the  confines  of  civilization,  and 
thrown  upon  his  own  resources,  to  look  upon  the  problem  in  hand  from 
more  different  sides,  and  not  only  through  his  own  particular  hobby, 
so  to  speak,  and  thus  bring  him  nearer  the  composite  truth,  than  the 
modem  specialist,  under  the  same  circumstances? 

These  considerations  are  not  advanced  as  dogmas  or  even  posi- 
tive opinions,  but  for  the  purpose  and  in  the  hope  of  drawing  out 
from  engineers,  more  competent  to  speak,  their  opinions  on  one  side 
or  the  other. 

RiGHABD  Lamb,  M.  Am.  Soc.  G.  E.-^This  subject  is  of  great  im-  Mr.  Lamb, 
portance.     Mr.  Stanton  seems  to  infer  that  the  paper  is  more  theo- 
retical than  practical.     The  speaker  differs  from  him. 

Those  whose  business  is  the  designing  of  material-handling  plants 
are  aware  of  the  paucity  of  empirical  data  in  regard  to  lateral  pres- 
sures of  various  materials,  and  of  practical  conclusions  deduced  from 
such  experiments.  It  would  have  been  of  benefit  if  Mr.  Goodrich 
could  have  extended  his  experiments  to  a  number  of  materials,  such  as 
coal,  ashes  and  mineral  ores,  and  given  his  deductions  therefrom. 

In  designing  coal  bins  for  use  in  New  York  City,  the  Building  and 
Dock  Departments  require  that  in  calculating  the  lateral  stresses,  45^ 
be  used  for  the  angle  of  sliding  of  bituminous,  and  30^  for  anthracite 
coal.  Tests  made  by  the  speaker  indicate  that  dry  bituminous  coal 
will  slide  down  an  iron  chute  placed  at  40^  to  the  horizon,  and  down  a. 
wooden  chute  at  45  degrees.  Anthracite  will  slide  down  iron  at  30^ 
and  down  wood  at  35  degrees.  In  freezing  weather,  iron  chutes  often 
become  inoperative  at  the  angles  above  named. 

In  bins  with  flat  bottoms  and  with  side  gates,  the  problem  is 
changed;  and  the  angle  of  repose  due  to  friction  of  coal  upon  coal  has 
to  be  considered,  instead  of  coal  upon  wood  or  iron.  Files  of  bitumi- 
nous coal,  especially  when  lumpy,  will  stand  almost  vertically.  In 
determining  the  lateral  stress,  as  the  vertical  component  is  due  to  the 
weight  of  the  coal  contained  between  the  vertical  wall  of  the  bin  and 
the  angle  of  repose  of  the  coal,  the  lateral  stress  is  inversely  propor- 
tional to  the  angle  of  repose.  If  the  Building  and  Dock  Departments 
require  the  use  of  a  lesser  angle  than  the  actual  conditions  demand,  de- 
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Mr.  Lamb,  signers  are  compelled  to  provide  a  much  more  expensive  structure  than 
the  so-called  '*  practical  builder  "  constructs  successfully  in  other  cities. 
The  foregoing  facts,  together  with  the  rules  prescribed  in  the  new 
Building  Laws  now  in  e£fect  in  New  York  City,  impose  a  heavy  and 
unnecessary  burden  upon  the  coal  trade.  A  series  of  tests  with  coal, 
like  those  made  by  Mr.  Goodrich,  would  permit  of  the  establishment 
of  standard  data,  which  would  justify  the  Building  and  Dock  Depart- 
ment engineers  in  lessening  their  requirements. 

The  following  formulas  are  used,  by  one  of  the  leading  coal-handling 
machinery  firms,  in  calculating  the  tabulated  statement,  as  shown  in 
their  catalogue,  giving  horizontal  pressures  of  coal  at  various  eleva- 
tions, upon  the  sides  of  coal  bins.  These  formulas  were  not  deduced 
from  experiment,  but  are  based  entirely  on  theoretical  grounds.  If 
there  are  any  errors,  they  are  on  the  side  of  safety,  as  many  iron  and 
wooden  coal  bins  have  been  built,  the  calculations  being  made  with 
these  formulas.  If  experiments  were  made,  undoubtedly  the  angles 
of  slip  would  be  increased  and  the  bins  made  by  the  new  formulas 
would  be  less  expensive.  With  a  coefficient  of  safety  of  5,  the  extra 
strains  imposed  by  frozen  coal  dropping,  or  an  avalanche  of  coal, 
would  be  amply  safeguarded. 

Pbessube  Exebted  by    Coal    against  Vebtical  Retaining  WAiiis, 
PKB  Foot  op  Length. 
Angle  of  repose  of  hard  coal  =  27  degrees. 
Weight  of  coal  per  cubic  foot  =  62.1  lb. 
For  Surface  Horizontal  — 

weight  of  the  triangle,  a  c  b  X  be 


Vertical  pressure  = 


ab 
52.1  Xabxbcxbc 


2a  b  =26.05(6  0)', 

or,  the  pressure  varies  directly  as  the  square  of  the  depth,  fL 


a 
When*Jhe  Surface  Slope  is  Equal  to  the  Angle  of  Repose. — 

weight  of  the  triangle,  a  eb  X  be 


Vertical  pressure  = 


ab 


a  b  \  ^  /  » 

again,  the  pressure  varies  directly  as  the  square  of  the  depth,  d. 
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Hard  Coal —  Mr.  Lamb. 

Surface  horizontal  ]  ^^**^  pressure  for  depth,  d  =  9  78  rfl 

/  Pressure  on  lowest  foot     =  9.78  (2d — 1). 

Surface  sloninir  \  ^^^^^  pressure  for  depth,  d  =  14.22  d^. 
ouriace  sloping  ^  pressure  on  lowest  loot        =  14.22  (2  rf  -  1). 

So/l  Coal  — 

surface  horizontal  j  J^tlu^^ri^west  foot  Z  Jl?  fci-  1). 

««.#«^^  «i,.*v;««.  \  Total  pressure  =  10  ri*. 

Surface  sloping  j  ^^.^^^^^  ^^  j^^^^t  ^^^^  _  10  (2  d  ~  1). 

Angle  of  repose  =  35  degrees. 

The  speaker  was  recently  engaged  in  designing  a  plant  for  handling 
the  ashes  and  street  sweepings  of  Brooklyn  by  trolley  cars,  and  could 
find  no  data  giving  the  angle  of  repose  of  ashes  and  street  sweepings. 
He  decided,  by  tests,  that  with  iron  chutes  the  angle  should  be  not 
less  than  30^,  and  designed  a  car  with  M°  for  the  angle  of  the  floors. 
This  car  was  not  built,  because  it  was  learned  that  Col.  Waring  had  a 
number  of  scows  built  with  an  angle  of  about  32^  for  the  floors.  They 
were  expected  to  be  self-discharging,  but  proved  to  be  failures.  Sub- 
sequently, the  writer  constructed  some  buckets,  of  about  7^  tons 
capacity,  having  trunnions  and  being  designed  to  be  dumped  by  der- 
rick car  and  cable  way.  These  buckets  can  be  turned  upside  down. 
From  operating  these  buckets,  it  has  been  observed  that  they  will  dis- 
charge the  ashes  when  at  an  angle  of  about  35  degrees.  On  the 
strength  of  this  information,  the  writer  is  now  designing  a  car  with 
mechanism  for  discharging  these  large  buckets  from  the  cars  direct. 

Ashes  are  often  seen  piled  almost  vertically.  The  lateral  pressure 
of  ashes,  especially  when  bo  and  together  with  rags,  and  other  matter 
in  the  street  sweepings,  cannot  be  determined  by  any  data  available 
in  the  books  of  our  profession,  as  far  as  the  speaker  has  been  able  to 
learn. 

Mr.  Goodrich  determined  from  his  experiments  the  fact  that  the 
more  finely  a  material  is  divided,  the  less  the  lateral  pressure.  He 
stated,  however,  that  he  considered  that  this  deduction  is  of  more 
theoretical  than  practical  importance.  On  the  contrary,  the  speaker 
wishes  to  emphasize  the  practical  importance  of  this  very  deduction. 
Had  this  matter  been  broaght  to  the  speaker's  attention  before  de- 
signing and  building  a  large  copper  mining  plant  recently,  he  would 
have  designed  the  ore  bins  differently.  Steel  floors,  at  an  angle  of  40<^, 
were  put  in,  and  it  was  found  that  the  crushed  quartz  ore,  from  I J  in. 
to  J  in.  in  size,  would  slide  down  readily,  but  the  very  fine  ore,  up  to 
J  in.  in  size,  would  not  move.  A  water  jet,  extending  across  the  bin, 
had  to  be  supplied  in  order  to  make  the  quartz  fines  move  down  a  40^ 
l(teel-incline  floor.  It  is  evident,  therefore,  that  the  finer  the  ore  is 
crushed,  the  less  will  be  its  lateral  pressure  when  confined  in  a  bin, 
which  is  what  Mr.  Goodrich  proved  by  his  experiments. 
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LAKE  OHEESMAN  DAM  AND  RESERVOIR. 
Discussion.^ 


Bt  Messrs.  Edward  Wbomann,  J.  Waldo  Smith,  £.  Kuichung, 
B.  Shirrbffs,  George  Y.  Wisner  and  Edwin  Duryba. 


Mr.  wegmann.  Edward  Weomann,  M.  Ah.  Sog.  C.  E. — The  paper  ehows  that  the 
Cheesman  Dam  has  been  well  designed  and  built.  It  will  be  the 
highest  stmctnre  of  its  kind  until  the  New  Croton  Dam  shall  have 
been  completed.  The  profile  of  the  dam  was  determined  on  the  prin- 
ciple that  the  dam  was  to  resist  the  water  pressure  by  its  weight 
alone,  and  the  burying  of  the  plan  of  the  wall  appears  to  have  been 
done  principally  to  obtain  an  economical  location,  as  is  shown  clearly 
on  Plate  XYII.  That  this  arching  adds  materially  to  the  strength  of 
the  structure  to  resist  overturning,  will  be  admitted  readily  by  most 
engineers. 

Two  dams  have  been  constructed,  which  owe  their  stability  solely 
to  the  fact  that  they  are  curved  in  plan,  so  as  to  act  as  horizontal 
arches,  viz.,  the  Zola  Dam,  in  France,  and  the  Bear  Valley  Dam,  in 
California.  The  first  of  these  dams  was  built  in  1843  for  supplying 
the  City  of  Aix  with  water.  It  has  a  maximum  height  of  about  120  ft. 
and  a  length  on  top  of  only  205  ft.  At  the  top  and  bottom  the  dam 
is,  respectively,  19  and  42  ft.  wide.  The  dam  is  curved  in  plan,  the 
radius  at  the  crown  being  158  ft.     When  the  reservoir  is  full,  the  line 

*Continued  from  Blav,  1904,  Proceedings.  See  March,  1904,  Proceedings^  for  paper 
on  this  subject  by  Charles  L.  Harrison,  M.  Am.  Soc.  C.  E.,  and  Silas  H.  Woodard, 
Assoc.  M.  Am.  Soc.  C.  E. 
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of  pressure  at  the  base  falls  11.48  ft.  outside  of  the  structure,  which,  Mr.  Wegmann. 
therefore,  would  be  overturned,  if  it  were  not  curved  in  plan. 

The  Bear  Valley  Dam,  built  in  1884,  has  a  maximum  height  of 
64  ft.  It  is  3.17  ft.  wide  at  the  top  and  20  ft.  wide  at  the  base.  The 
plan  of  the  dam  is  curved,  with  a  radius  of  335  ft.  When  the  reser- 
voir is  full,  the  line  of  pressure  at  the  base  falls  about  15  ft.  outside 
of  the  dam. 

It  is  a  simple  matter  to  determine  the  profile  of  a  dam  which  is  to 
resist  either  solely  by  gravity  or  only  as  an  arch.  However,  when 
both  actions  are  assumed  as  occurring  at  the  same  time,  and  an 
endeavor  is  made  to  calculate  the  relative  resistance  offered  by  each, 
the  problem  becomes  quite  complicated.  The  French  engineers, 
Delocre  and  Pelletreau,  gave  solutions*  of  this  problem,  more  or  less 
satisfactory.  To  these  mubt  now  be  added  the  solution  by  Mr. 
Woodard,  given  in  the  latter  part  of  the  paper. 

In  applying  mathematics  to  this  problem,  we  are  obliged  to  assume, 
in  our  present  state  of  knowledge,  that  the  masonry  of  the  dam  is 
perfectly  elastic,  which  causes  the  strains  to  be  according  to  a  **  uni- 
formly varying  stress."  That  this  assumption,  when  applied  to  a 
masonry  dam  150  ft.  thick  at  the  base,  may  be  far  from  the  truth  is 
recognized  fully  by  Mr.  Woodard.  While  complimenting  him  on  the 
mathematical  skill  he  has  shown  in  dealing  with  this  intricate  prob- 
lem, the  speaker  questions  whether  any  reliance  can  be  placed  on  the 
results  obtained  by  formulas  based  on  such  uncertain  assumptions. 
Professor  Bankine,  in  his  '*Beport  on  the  Design  and  Construction  of 
Masonry  Dams,"t  reached  the  conclusion  that  there  was  such  uncer- 
tainty in  trying  to  calculate  the  resistance  offered  by  a  curved  dam, 
due  to  its  weight  and  the  arch  action  at  the  same  time,  that  he  recom- 
mended that  a  dam  be  always  made  sufficiently  strong  to  resist  the 
water  pressure  by  gravity  alone;  and  that,  in  case  of  a  narrow  valley, 
the  plan  be  curved  so  as  to  give  some  additional,  though  unknown, 
strength  to  the  structure. 

This  is  exactly  what  was  done  in  the  case  of  the  Cheesman  Dam, 
and  Mr.  Woodard *s  formulas  appear  to  have  been  an  after-considera- 
tion to  determine  just  how  much  resistance  was  offered  by  the  weight 
of  the  dam  and  how  much  by  the  arching,  both  being  assumed  to  act 
at  the  same  time.  If  these  formulas,  however,  are  to  have  their  full 
practical  value,  they  must  be  considered  sufficiently  reliable  to  enable 
ns  actually  to  reduce  the  profile  of  a  "gravity  dam,"  when  curved  in 
plan.  Probably  few,  if  any,  engineers  would  be  willing  to  apply  Mr. 
Woodard*s  formulas  to  that  extent. 

Mr.  Woodard  states  that  the  usually  accepted  method  of  deter- 
mining the  profile  of  a  dam  resisting  the  water  pressure  by  gravity 

*  Annalea  dtt  Ponia  et  Chaumiet  for  1866, 1876  and  1877. 
t  See  J  he  Engineer,  January  6th,  1872. 
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Mr.  Wegnuinn.  alone  ifl  simple  and,  with  variations  in  details,  may  be  fonnd  in  text- 
books and  works  on  masonry.  Twenty  years  ago,  when  the  calcula- 
tions for  the  New  Croton  Dam  were  made,  this  was  by  no  means  the 
case.  The  only  methods  that  could  be  found  were  those  of  the  French 
engineers,  Sazilly,  Delocre  and  Pellet reau,  involving  equations  of  the 
fourth  and  sixth  degree,  and  that  of  Professor  Bankine,  for  a  profile 
bounded  by  logarithmic  curves.  All  these  engineers  designed  *^  pro- 
xies of  equal  resistance,**  i.  e.,  profiles  in  which  the  maximum  press- 
ures at  the  faces  of  the  dam  were  kept  at  a  uniform  limit.  From  this 
resulted  profiles  with  curved  faces. 

In  designing  the  New  Croton  Dam,  the  principle  followed  was  to 
limit  the  lines  of  pressure,  reservoir  full  or  empty,  to  the  center  third 
of  the  profile,  allowing  the  pressures  at  the  faces  to  increase  gradnaUy 
until  they  reached  the  limit  of  safety,  which  had  been  assumed. 
Below  this  point  the  slopes  of  the  faces  were  increased  so  as  to  keep 
the  maximum  pressures  at  the  limit  of  safety.  By  simple  equations 
of  the  second  degree,  the  thickness  of  the  dam  was  calculated  at 
intervals  of  10  ft.  This  gave  a  profile  with  polygonal  faces,  having 
many  changes  of  batter,  for  which,  in  the  final  design,  curves,  or  a 
few  straight  lines,  were  substituted. 

This  method,  which  was  first  published  in  1887,  in  the  Beport  on 
the  Quaker  Bridge  Dam,  by  the  late  A.  Fteley,  Past- President,  Am. 
Soc.  0.  E.,  Consulting  Engineer  of  the  Aqueduct  Commissioners  of 
New  Ybrk,  and  in  the  following  year,  by  the  speaker,  in  a  book  on 
dams,*  appears  to  have  been  adopted  in  the  design  of  most  high 
American  dams  since  that  time.  From  some  of  the  details  given  in 
the  paper  and  from  the  general  look  of  the  profile,  the  speaker  con- 
cludes that  the  Cheesman  Dam  was  designed  by  the  method  just 
mentioned. 

Mr.  Harrison  has  described  the  high  rock-fill  dam  which  was  begun 
at  the  site  of  the  Cheesman  Dam  and  was  destroyed  by  a  flood.  Con- 
sidering the  large  cross-section  which  had  to  be  given  to  the  rock-fill, 
it  is  evident  that  such  a  structure  could  only  be  justified  when  the 
cost  of  cement  delivered  on  the  work  was  very  high,  and  it  would  be 
interesting  to  know  what  the  difierence  in  cost  would  have  been 
between  the  rock-fill  and  the  masonry  dam. 

The  details  of  the  outlet  tunnels,  valves,  etc.,  show  skilful  engi- 
neering. 

The  authors  are  to  be  thanked  for  their  full  description  of  this 
important  high  dam,  and  for  giving  the  profession  Mr.  Woodard's 
method  of  treating  a  curved  dam  simultaneously  as  a  horizontal  arch 
and  a  **  gravity  section.** 

J.  Waldo  Smith,  M.  Am.  Soc.  C.  E  — Mr.  Harrison  has  discussed 
'  this  paper  so  thoroughly,  from  the  speaker's  standpoint,  that  little 

*  '"'  The  Design  and  Canstruction  of  Dams,''  by  Edward  Wegminn,  M.  Am.  Soc.  C.  B. 
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more  can  be  said.  It  would  be  interesting,  however,  to  hear  an  Mr.  Snatb. 
answer  to  Mr.  Kuichling's  question  regarding  the  temperature  strains 
or  the  cracks  from  internal  stresses  in  the  dam.  This  is  a  subject 
which  is  of  great  interest  to  engineers  at  the  present  time,  a»  several 
iire  studying  what  is  happening  in  dams  which  have  been  built  during 
the  last  eight  or  ten  years  in  reference  to  various  cracks  which  have 
developed  from  one  cause  or  another. 

Measures  have  been  taken  to  ascertain  the  temperatures  in  the 
Boonton  Dam  by  introducing  a  number  of  thermophones,  from  which 
the  temperatures  ar^  to  be  read  during  a  long  period.  These  were 
put  in  during  last  season,  but  at  the  present  time  sufficient  data  have 
not  been  obtained  from  which  to  draw  conclusions.  It  can  only  be 
said  in  a  general  way  that  the  temperature  in  the  interior  of  the  dam 
is  still  falling,  and  has  been  falling  steadily  from  the  start.  The  second 
point  shown  is  that  no  matter  what  the  temperat  ure  of  the  air  at  the  time 
the  masonry  is  laid,  the  ultimate  maximum  temperature  of  the  masonry 
is  approximately  the  same.  The  thermophones  near  the  outside  of  the 
wall  indicate  a  steady  fall  through  the  cold  weather,  and,  as  soon  as 
-the  temperature  changes  in  the  spring,  they  indicate  a  rise.  The  daily 
changes  in  temperature  seem  to  have  considerable  influence  on  the 
average  temperature  of  the  dam,  and,  although  the  average  monthly  ^ 

temperature  is  falling  steadily,  the  average  daily  temperature  shows 
A  rise  and  fall  following  somewhat  closely  the  changes  in  the  air. 

E.  KxJiGHiiiNa,  M.  Am.  Soc.  C.  E. — This  is  an  extremely  interesting  Mr.  KuichUng. 
and  valuable  paper,  as  it  presents  clearly  the  essential  details  of  the 
design  and  construction  of  a  great  masonry  dam.  In  this  respect,  the 
author's  description  leaves  little  to  be  desired;  but,  inasmuch  as  the 
hydrology  of  the  watershed  under  consideration  is  peculiar,  and  differs 
greatly  from  that  of  drainage  basins  of  similar  magnitude  in  other 
parts  of  the  United  States,  it  han  appeared  to  the  speaker  that  some- 
what more  space  might  have  been  given  advantageously  to  the  rainfall 
and  run-off  of  the  South  Platte  Kiver  Basin. 

The  author  states  that  the  maximum  flood  flow  of  the  river  at  the 
site  of  the  dam  is  only  1  9^5  cu.  ft.  per  second,  from  an  area  of  1  796 
sq.  miles.  This  is  at  the  rate  of  but  1.08  cu.  ft.  per  second  per 
square  mile,  which  is  remarkably  low  when  the  rainfall  statistics  for 
Denver  are  considered.  From  the  latter  are  found  the  following 
jnonthly  maxima,  in  inches,  during  82  years  (1872-1908): 

January 2.85  May 

February 1 .22  June 

March 8.10  July 

April 8.24  August 

and  from  the  much  greater  altitude  of  the  water-shed,  the  average 
elevation  of  which  is  about  8  000  ft.  above  the  sea,  it  may  be  presumed 
that  the  precipitation  is  somewhat  more  than  at  Denver. 


8.57 

September. . 

..8.70 

4.96 

October..   . 

..  8.92 

4.28 

November. . 

.  1.98 

2.84 

December . . 

..  2.82 
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Mr.  Kuicbiing.  It  is  also  found,  from  the  hjdrographical  records  of  the  United 
States  Geological  Survey  in  this  region,  that  the  river  freshets  nsnally 
occur  in  May  and  June;  and,  as  the  run-off  in  these  months  may 
readily  amount  to  76%'  of  the  rainfall,  it  follows  that  from  the  precipi- 
tation of  8.57  ins.  in  May,  1876,  and  4.96  ins.  in  June,  1882,  run-offs  of,, 
respectively,  6.48  and  3.72  los.  in  depth  on  the  water-shed  might  have 
occurred.  Now,  as  a  depth  of  1.0  in.  run-off  in  30  days  correbponds 
to  an  average  discharge  of  about  0.9  cu.  ft.  per  second  per  square  mile, 
and  as  the  maximum  rate  of  discharge  during  the  month  may  easily 
be  twice  the  average,  it  also  follows  that,  in  the  two  months  mentioned^ 
freshets  of  about  12  and  7  cu.  ft.  per  second  per  square  mile  of  water- 
sjied  might  have  been  expected. 

While  these  figures  of  run -off  are  merely  speculative,  they  are  much 
less  than  has  been  observed  from  similar  monthly  rainfalls  in  the 
streams  which  drain  the  mountainous  regions  of  the  Eastern  States^ 
and  hence  a  more  extended  description  of  the  meteorology  and  physi- 
cal characteribtics  of  the  drainage  basin  of  the  South  Platte  Kiver  wiU 
add  much  to  the  value  of  the  paper.  It  may  also  be  noted  that  a  run- 
off equal  to  a  depth  of  0.84  in.  on  the  water-shed  will  fill  the  reservoir, 
and  that  such  a  quantity  may  be  expected  from  the  above-mentioned 
maximum  precipitations  for  November,  December  and  January. 

Another  matter  of  interest  is  the  author's  assumption  that  during 
the  winter  months  the  reservoir  will  never  be  full,  but  will  always  be 
at  a  low  stage,  so  that  any  thrust  on  the  dam  due  to  the  expansion  of 
the  ice  on  the  surface  of  the  water  may  be  neglected.  A  further 
reason  for  not  consideiing  ice  thrust  is  the  circumstance  that  a  rocky 
promontory  a  few  hundred  feet  above  the  dam  will  serve  as  a  protec- 
tion against  the  push  of  the  ice,  even  though  the  reservoir  may  be 
filled  to  near  the  spillway  level. 

From  the  meteorological  data,  however,  it  seems  to  the  speaker 
very  possible  that  the  reservoir  may  become  full  during  freezing 
weather,  and  may  remain  so  for  a  few  weeks  if  the  outlet  valves  are 
not  regulated  carefully  or  if  they  become  disabled.  In  this  event,  ice 
will  form  at  a  high  level,  and,  by  its  expansion  when  warmed  by  the 
heat  of  the  sun  during  the  daytime,  a  considerable  thrust  will  be 
exerted  against  the  dam. 

Afi  to  the  magnitude  of  the  thrust  which  is  actually  exerted  by  the 
ice  sheet  on  a  reservoir,  few  data  seem  to  be  available.  Some  writera 
have  considered  that  it  is  limited  only  by  the  crushing  strength  of  the 
ice,  which  is  from  200  to  1  000  Ibis,  per  square  inch,  or  from  14.4  to 
72.0  tons  per  square  foot,  depending  on  its  quality  and  temperature; 
while  others  have  taken  the  elasticity  of  the  ice  into  account,  assum- 
ing a  modulus,  E,  varying  from  about  180  000  to  860  000  lbs.  per 
square  inch,  and  a  rate  of  expansion  varying  from  about  -^o  to  : 
in  passing  from  0^  to  32^  Fahrenheit. 
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Applying  these  latter  figures  to  the  case  of  a  sheet  of  ice,  500  ft.  Mr.  Kuichling. 
-wide  between  the  dam  and  the  rooky  promontory  mentioned,  it  will 
1)6  foand  that  the  elongation  will  range  from  ^  to  ^  ft.,  or  from  4.0  to 
1.5  ins. ;  and  if  ^  =  180  000,  the  compressive  stress  in  the  ice  will  be 
from  120  to  45  lbs.  per  square  inch,  while,  it  E=^  360  000,  the  stress 
will  be  from  240  to  90  lbs.  per  square  inch.  On  this  basis  of  computa- 
tion, the  probable  stress  ranges  from  45  to  240  lbs.  per  square  inch,  or 
from  3.24  to  17.28  tons  per  square  foot;  and  if  the  ice  is  assumed  to 
be  1  ft.  thick,  the  thrust  against  the  dam,  accordingly,  will  be  from  3 
to  17  tons  per  linear  foot. 

It  may  also  be  remarked  that  in  the  consideration  of  this  question 
the  Board  of  Experts  on  the  projected  Quaker  Bridge  Dam,  in  the 
▼alley  of  the  Croton  Biver,  New  York,  recommended  in  1888  that 
provision  should  be  made  for  an  ice  pressure  of  21.5  tons  per  linear 
foot  at  the  spillway  level;  and  that,  in  designing  the  large  dam  which 
is  soon  to  be  built  across  the  Scioto  Biver  near  Columbus,  Ohio, 
Samuel  M.  Gray,  M.  Am.  Soc.  0.  E.,  adopted  an  average  ice  thrust  of 
11.33  tons  per  linear  foot. 

In  view  of  the  widely  varying  data  relating  to  the  crushing 
strength,  elasticity  and  rate  of  expansion  of  ice,  the  speaker  endeav-  ' 
ored,  a  number  of  years  ago,  to  deduce  an  approximate  measure  of 
the  thrust  of  an  extensive  field  of  ice  by  computing  the  shearing 
resistance  of  the  masonry  piers  of  several  highway  bridges  which  were 
a  very  short  distance  above  certain  river  dams.  The  water  above  these 
dams  usually  had  only  a  slight  mean  velocity  in  winter,  but  the  dis- 
charge was  then  generally  sufficient  to  produce  a  moderate  depth  of 
ovei^ow,  thus  alio  wing  the  ice  below  the  bridge  to  expand  or  contract 
freely,  while  the  long  field  above  the  bridge  was  held  by  the  piers  and 
l>aDks. 

In  all  these  cases  the  piers  had  remained  undisturbed  for  many 
years,  although  the  ice  was  seldom  less  than  1  ft.  thick  in  midwinter. 
The  weakest  piers  of  the  series  were  4.5  ft.  thick,  18  ft.  long,  11  ft. 
high  above  the  usual  level  of  the  ice,  and  68  ft.  apart,  carrying  a  light 
iron  structure  the  weight  of  which  did  not  exceed  550  lbs.  per  linear 
foot;  hence  the  total  weight  resting  on  the  course  of  masonry  imme- 
diately below  the  ice  was  about  185  000  lbs.  The  mortar  was  not 
fltrong,  and  had  been  partly  washed  out  of  the  joints,  so  that  a  high 
Talue  for  its  shearing  strength  could  not  be  taken.  Allowing  5  lbs. 
per  square  inch  for  such  shear  and  0.6  for  the  coefficient  of  friction, 
the  total  resistance  of  the  pier  to  sliding  becomes  about  169  000  lbs., 
or  37  600  11^.  per  foot  of  its  thickness;  hence,  in  this  case,  the  ice 
thrust  was  certainly  less  than  18.8  tons  per  linear  foot;  and,  if  the 
total  resistance  be  computed  with  0.7  as  coefficient  of  friction  includ- 
ing shear,  the  thrust  will  be  less  than  14.4  tons  per  linear  foot. 

All  these  computations  for  the  ice  thrust  on  dams  with  vertical 
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Mr.  Kulchling.  backs  are  based  on  data  so  crude  that  the  appearance  of  a  better  array 
of  observations  becomes  very  desirable;  and,  in  Tiew  of  the  importance 
of  the  subject,  it  is  earnestly  hoped  that  those  who  have  had  the 
opportunity  to  measure  this  force  of  Nature  will  contribute  to  our 
stock  of  knowledge  concerning  it. 

Another  matter  of  interest  is  the  behavior  of  the  masonry  of  the 
Gheesman  Dam  with  regard  to  changes  of  temperature.  The  speaker 
was  informed  recently  that  during  the  past  winter  several  vertical 
cracks  made  their  appearance  in  the  upper  portion  of  the  structure. 
If  this  be  true,  it  follows  that  the  method  of  computing  a  curved  dam 
by  considering  it  as  an  elastic  and  continuous  arch  must  be  modified. 
Mr.Shlrreffs.  R.  Shirbefps,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has  been 
greatly  interested  in  the  second  part  of  this  paper,  relating  to  the 
stresses  developed  in  a  curved  dam,  not  only  because  he  has  at  present 
in  charge  a  project  where  a  curved  dam  is  as  emphatically  *  *  indicated  **" 
as  it  was  at  the  Lake  Gheesman  site,  but  also  because  it  fell  to  his  lot 
a  few  years  ago  to  direct,  under  F.  P.  Stearns,  M.  Am.  Soc.  G.  E.,  a 
study  of  the  merits  and  demerits  of  the  curved  vs,  the  straight  form 
for  the  Wachusett  Dam,  then  proposed,  and  now  being  built  by  the 
Metropolitan  Water  Board,  of  Massachusetts. 

The  studies  were  made  in  a  similar  way  to  those  now  presented  by 
Mr.  Woodard,  but  with  fewer  assumptions  not  borne  out  by  the  facts. 
Unfortunately,  the  writer's  memorandum  of  these  calculations  was 
destroyed  by  fire  some  time  ago,  and  what  follows  has  been  worked 
out  entirely  anew  and,  it  is  believed,  with  some  improvement  on  the 
methods  then  followed. 

Upon  examining  the  methods  followed  in  the  paper,  it  will  be 
found  that  several  assumptions  or  approximations  are  made  which  do 
not  conform  strictly  to  the  actual  conditions.  The  writer  believes 
that  some  of  these  can  be  eliminated  without  increasing  very  much  the 
labor  of  calculation,  and  with  a  marked  gain  to  the  advantages  shown 
by  the  curved  dam.  In  the  case  of  the  Lake  Gheesman  project  it 
appears  that  the  only  purpose  of  the  analysis  was  to  justify  the  use  of 
a  *  *  gravity  "  profile  when  built  as  a  curved  dam.  The  errors  occasioned 
by  the  assumptions  made,  as  these  were  nearly  all  adverse  to  the  ver- 
tical beams,  were  on  the  side  of  safety,  but  they  are  misleading  when 
applied  to  the  general  question  of  the  curved  vs,  the  straight  dam. 
And  here  it  may  be  proper  to  emphasize  the  point,  to  which  attention 
has  already  been  called  in  the  discussion  of  this  paper,  that  the 
straight  dam  is  only  a  special  case  of  the  curved  dam,  and  that  it  is 
not  possible,  simply  by  building  a  dam  straight,  to  avoid  the  stresses 
caused  by  the  combination  of  vertical  with  horizontal  beams.  The 
real  point  is  whether  it  is  better  to  build  the  dam  straight,  with  the 
certainty  that  there  will  be  tensile  stresses  in  the  horizontal  beams, 
or  to  avoid  all  tensile  stresses  by  building  the  dam  on  a  curve  when 
the  site  will  permit  the  use  of  a  short  enough  radius. 


J 
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The  approximations  referred  to  are  these :  Mr.  Shirreflb;. 

1. — In  ascertaining  the  deflections  of  the  vertical  beams,  an  average 

valne  of  the  moment  of  inertia  was  nsed  for  each  different 

vertical  section; 
2. — The  deflections  of  the  arch  rings  were  computed  as  if  due  to  the 

constant  radins  of   the  extrados    of   the   arches;  and,  most 

important; 
3. — The  arch  deflections  were  computed  (a)  as  if  there  was  a  hinge 

point  at  the  abutments,  and  (b)  as  if,  even  then,  there  were  no 

moment  stresses  in  the  arch. 
As  an  illustration  of  the  errors  resulting  from  this  last  assumption, 
and  also  as  an  illustration  of  the  advantage  of  reducing  the  radius 
when  it  can  be  done,  the  results  of  the  computation  of  two  curved 
dams  of  triangular  section.  No.  1,  having  a  radius  of  400  ft.  and  a 
face  batter  of  0.5477  (b^  =  0.30);  and  No.  2,  having  a  radius  of  260  ft. 
and  a  face  batter  of  0.40,  are  given  in  Table  No.  6,  the  first  set  of  figures 
resulting  from  the  arch  deflections  obtained  by  Mr.  Woodard*s  method 
and  the  second  set  resulting  from  deflections  obtained  by  treating  the 
arches  as  curved  beams.  In  both  sets  the  approximations  noted  above 
tinder  **  1 "  and  *  *  2  "  have  been  corrected.  Both  profiles  are  supposed 
to  be  built  in  a  triangular  valley  similar  to  that  sketched  in  Figs.  18 
and  19,  that  is,  with  a  maximum  depth  of  water  of  180  ft.  and  a  chord 
width  of  500  ft.,  at  a  point  30  ft.  below  the  water  line,  and  with  the 
contonrs  opening  outward,  up  stream,  so  as  to  be  found  in  the  same 
relative  position  on  the  arcs  of  the  curved  dams  as  on  the  straight  line 
across  the  valley.  The  whole  height  has  been  divided  into  five  arch 
slices  of  30  ft.  each,  as  in  the  example  in  the  paper. 

TABLE  No.  6. 


Joint. 

1 

2 

!        8 

1 

Profile  No.l 

Q 

^\ 

I 
p  \ 

I 

68  280 

48  600 
87  660 

118  690 

97  280 
86  9H0 

0.602 
0.561 

69  620 
41  680 

0.460 
0.484 

168  750 

156  060 
147  280 

0.679 
0.628 

122  860 
86  100 

0.f!44 
0.554 

Profile  No.  2 

16  820 
11  520 

4 

6 

6 

226  000 

281  250 

206  780 
211  070 

278  660 
275  680 



0.724 
0.672 

0.754 
0.706 

0.782 
0.786 

197  750 
172  880 

271  700 
261  840 

0.762 
0.684 

0.867 
0.788 

0.960 
0.886 

In  Table  No.  6,  Q  is  the  total  water  pressure,  in  pounds,  considered 
as  concentrated  at  the  various  joints;  P  is  the  part  of  this  load  car- 
ried by  the  vertical  beam  at  the  center  of  the  dam,  and   "  "^  ^  the 
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Hr.Shirreffs.  ratio  of  the  distanoe  of  the  resultant  pressure  from  the  up-stream 
edge  of  the  joint  to  the  length  of  the  joint.  (See  also  the  arch 
deflections  in  Table  No.  9.) 

It  will  be  seen  that  the  use  of  the  true  arch  deflections  has  a  con- 
siderably greater  effect  in  No.  2  than  in  No.  1  in  reducing  the  eccen- 
tricity of  the  resultant  pressure  beyond  the  ** middle  third"  at  the 
lower  joints.  It  is  entirely  probable  that  the  necessary  modification 
of  either  profile  to  give  it  a  reasonable  top  thickness  will  fully  correct 
this  eccentricity  in  either.  At  this  point  attention  may  be  called  to 
the  superior  ability  of  a  curved  dam  to  resist  shocks,  as  of  ice  or  drift. 


for  which  a  top  thickness  is  necessary;  especially  in  respect  to  the 
most  dangerous  of  these  effects  in  a  cold  climate— the  thrust  of  a  field 
of  ice  expanding  on  a  bright,  sunny  day  succeeding  an  extremely 
cold  night.  It  is  probable  that  this  superior  ability  will  justify  the 
use  of  no  more  masonry  in  the  top  of  a  curved  dam  than  would  be 
used  in  a  straight  dam  of  the  same  height,  or  that,  in  other  words,  the 
top  thickness  having  been  determined  for  a  straight  dam,  the  curved 
dam  may  be  given  a  lesser  thickness  in  the  direct  proportion  of  the 
chord  to  the  arc. 
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The  volume  of  Profile  No.  1,  if  built  in  the  assumed  valley,  will  be  Jir.  Shlrreffa. 
67  200,  and  that  of  No.  2,  58  490,  on.  yd.,  a  diflferenoe  of  8  310  cu.  yd. 
in  favor  of  the  latter,  or  about  12  per  cent.     A  gravity  profile  would 

have  a  face  batter,  h=  I-  -;  6  being  the  ratio  of  the  weight  of  ma- 
sonry to  that  of  water.  Assuming  this,  with  Mr.  Woodard,  and  as 
has  been  done  in  the  above  computations,  to  ba  2.5,  the  batter  of  the 
gravity  profile  would  be  0.63246.  A.  straight  dam  across  the  assumed 
valley  with  this  section  would  contain  63  250  cu.  yd.,  while  the  same 
section  built  on  radii  of  400  and  260  ft.  in  the  same  valley  would  con- 
tain, respectively,  77  120  and  91  880  cu.  yd. 

The  economy  of  the  curved  dam,  however,  must  obviously  be  de- 
termined specially  for  each  situation.  At  the  Lake  Gheesman  site,  for 
instance,  a  straight  dam  was  evidently  out  of  the  question.  It  appears 
from  Mr.  Maltby's  discussion*  that  a  radius  of  300  ft.  was  at  one  time 
proposed  for  this  dam,  and  from  the  contour  plan  (Fig.  1,  Plate 
XYII),*  it  would  seem  that  a  radius  as  short  as  260  ft.  would  have 
increased  the  top  length  only  about  60  ft.  and  the  lengths  below  Ele- 
vation 150  (water  surface  at  Elevation  214)  only  about  15  ft.  as  an 
average.  The  economy  of  the  curved  dam  on  400  ft.  radius,  therefore, 
would  have  been  about  1^%,  as  compared  with  a  '<  gravity  "  section  on 
the  same  radius;  while  the  curved  dam  on  260  ft.  radius  would  have 
saved,  say,  36^  over  the  gravity  dam  on  the  same  radius  and  about 
21%  over  the  curved  dam  on  the  longer  radius. 

In  the  foregoing  computations  the  dam  with  triangular  profile  was 
chosen  because  all  the  mathematics  are  simpler  for  this  form.  It  is 
also  the  theoretical  form  for  a  gravity  dam  as  well  as  for  an  arched 
dam,  if,  in  the  latter  case,  it  be  considered  that  the  arch  elements 
carry  all  the  load,  and  if  it  be  further  assumed  (which  is  not  very  far 
from  the  truth)   that  the   average   normal  stress    at  all  points  is 

S  =  —..    In  making  the  first  studies  for  any  new  situation  it  will 

probably  save  time  to  use  the  triangular  profile  for  the  first  approxi- 
mations, afterward  making  the  necessary  modifications  to  give  the  top 
a  reasonable  width.  The  caution  may  here  be  noted  that  instead  of 
adding  to  the  triangular  form  a  parallel  top  there  should  be  added 
only  a  moderate  top  width,  with  a  change  of  the  batter  for  a  consider- 
able distance.  If  a  considerable  top  width  be  added  to  the  triangular 
profile  the  result  will  be  negative  loads  on  the  vertical  beams  toward 
the  top,  giving  tension  at  the  upper  joints  at  the  down-stream  face. 

Passing  now  to  a  detailed  description  of  the  modifications  proposed 
in  the  methods  used  by  Mr.  Woodard,  these  will  be  taken  up  in  the 
order  in  which  they  are  noted  above. 

*  Proceeding*^  Am.  8oo.  C.  E.,  for  May,  1904. 
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Jfr.Shirreflto.  First — ^The  following  method 
is  proposed  to  obtain  the  deflec- 
tions, nnder  the  action  of  a  series 
of  concentrated  loads,  of  a  beam 
haying  a  varying  moment  of  in- 
ertia, bnt  a  constant  thickness  == 
1.0.  It  is  necessary  that  the  beam 
be  limited  by  straight  lines  be- 
tween the  load  points.  Using 
the  notation  shown  in  Fig.  20, 
and,  in  addition,  the  following: 
b  =  ratio  of  increase  of  joint 

length ; 
/  =  moment    of    inertia    of 

joint; 

e  s  distance    from     nentral 

axis    to    extremity    of 

joint; 

M  =  moment    of     all     loads 

aboye  joint  considered ; 

(5  =  stress    at    extremity    of 

joint; 
A  =  change  of  length  of  ele- 
ment,   (i  X,  'Of  beam, 
due  to  6; 

E  =  modulns  of  elasticity  of  material  (in  compression) ; 
p  =  radius  of  curvature  of  deflected  beam ; 

a  =  angle  of  deflected  beam  at  any  load  point,  having  reference 
only  to  the  portion  of  the  beam  between  that  load  and  the 
one  next  below; 
jd  =  deflection  of  each  individual  portion  of  beam,  produced  by 

all  loads  above  that  portion; 
2)„  =  the  total  deflection  of  beam  at  any  load  point: 
We  have,  generally: 

^       Me      .         6dx  EI         ,    -  dx 

6  =  ~ ^-  ;  X  =     ^-;p=_,  and  da  =  — . 

But   (referring  for  the  present  only  to  the  beam  of  triangular 
profile), 


Fig.  20 


^  -"2-^'  ^-    12- 


12 


-  ,  and  d  J  :X  —  (x  —  h)  :p; 


therefore. 


d  J  =  12M[x  —  h) 
and  d  a  (or  also  d  tan.  a)  = 


dx 
b'  Ex^  "• 
}2Mjl  .r 
6«  E  .r" 


.(1) 

.(2) 
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But  we  can  write  h  ^  n  a,  and  therefore,  Mr.Shirreffs. 

JIf,  =  P,  {.T  —  a)  -f  A  (^  —  2  a)  -I-  . . . .  4-  i'n  (a;  —  w  a). 

The  reduction  and  integration  of  the  resulting  equations  being 
quite  simple,  these  pages  will  not  be  cumbered  with  anything  except 
the  final  results.  After  obtaining  the  values  of  jd^  and  tan.  a„,  these 
must  be  cumulated  as  follows  for  D^i 

i)^  =  ^5  4-  ^^  +  a  tan.  a,,; 
i),  =  Jg  4.  J^  +  i^3  -f  a  (2  tan.  a^  +  t^D-  ^4)1 
and  so  on,  as  will  appear  from  Fig.  20. 

Before  assigning  values  to  either  a  or  b,  we  have  : 

53  ^  J5  =  12  2  P  (Z  n  6  a  —  X  «  5  a)  —  ~  (61  />,  +  62  P2  +  63  P^ 

+  64P,  +  65PJ; 

fe^  J?  J4  =  12  i  P  (L  n  5  a  —  Z  «  4a)  —  =|j.  (41  Pi  +  42  ^2  -f- 43  P3 

+  44P,); 

6»  ^z/s  =  12  :2  P  (L  w  4  a  —  L  n  3  a)  —  J  (25  P,  +  26  P2  +  27  P,); 
s  o 

6^^2i2  =  122P(L»3a  — Ln2a)  — ^  (13P,  -f  14P.J; 

6^  J:  Ji  =  12  Pj  (L  »  2  a  —  i  71  rt)  —  7.6  P2  ;  {L  n  (a)  =  Naperian 
Log.  (a)); 

a  b^Etem.  «5  =  Jgo  (^^  ^^  +  38  Pg  +  27  P,  +  16  P,  +  5  PJ; 
a  6^  Z;  tan.  a,  =  A  (31  P^  +  22  Pg  +  1^^  A  t  ^  i',) ; 
a  6^  J5Jtan.  ^3  =  ^  (17  Pj  +  10  Pj  +  3  P3); 

a  b^Et&n,  ao  =  I  (7  Pi  +  2  P.); 

aA^^tan.  a,  =  1.5  Pi- 

Assigning  to  a  the  value,  30,  as  in  the  above  and  the  Cheesman 
Dam  examples,  we  have  after  cumulation  : 

b'^EDi  =  7.3344  Pi  —  3.8601  Pj— 1.8178  P,  —  0.6990  P^  -  0. 1545  P^; 

fr'  J5: 2)2  =  3-8501  Pi  —  2.6168  P,  — 1.3178  P^  —  0.5323  P,  —  0.1211  P^; 

b^  E  2).j  =  1.8178  Pi  — 1.3178  Pj  —  0.8178  P.,  —  0.3656  P,  —  0.0878  P5; 

^ED^  =  0.6990  Pi  —  0.5323  Po  — 0.3656  P,  —  0.1990  P^  —  0.0545  P^; 

*»  Z?  Ds  =  0.1545  P,  —  0.1211  Pj —  0.0878  P,  —  0.0545  P,  —  0.0211  P^. 

Before  the  arch  equations  can  bo  combined  with  the  beam  equations 

it  will  be  necessary,  of  course,  to  assign  a  value  to  b.     In  applying  the 

foregoing  method  to  a  beam  of  irregular  profile,  but  which  can  be 

bounded  by  straight  lines  between  the  load  points,  it  is  only  necessary 

to  remember  that  for  each  beam  section  there  will  now  be  a  different 

origin  for  ar,  and  a  different  value  for  b.    For  example,  if  the  bottom 
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Mr.ShirrefCs.  section  of  the  beam  have  a  joint  length  of  54  on  the  top  and  72  on  the 
bottom,  with  a  still  =  30,  the  origin  of  x  will  be  at  the  second  load 
point  (see  Fig.  20),  and  the  value  of  b  will  be  0.60.  There  should  now 
be  written,  x  —  A  =  a?  —  90,  and 

M,  =  Pi(x-\-3'))+P2^'hPs(x-'S0)+P,(x--6O)  +  P,(x--90), 
and  after  the  substitution  of  these  values  in  the  general  equation  (1), 
and  its  integration  and  reduction,  there  wUl  result. 

EDf^  =  1.3679  Pi  +  1.0717  P^  4-  0.7755  P^  +  0.4793  P^  -f  0.1831  P^; 
while  in  the  triangular  profile  No.  2,  with  6  =  0.40  we  have 

JE D^  =  2.4141  Pi  -f  1.8931  P^  + 1.3720  P^  +  0.8509  P^  +  0.3298  P^ 

It  is  next  necessary  to  modify  the  results  derived  for  the  beam  of 
constant  thickness  to  suit  the  case  of  the  beam  comprised  between 
radial  planes  1  ft.  apart  at  the  up-stream  edge  of  the  dam.  It  will  be 
readily  seen  that  the  elementary  deflections  will  vary  inversely  as  the 
moments  of  inertia  of  the  rectangle  having  the  height,  /,  and  a  base  of 
1.0  and  a  trapezoid  having  the  same  height  and  a  base  =s  1.0,  but  a 

top,  c  =  1  —  7^ ,  I  being  the  joint  length  and  B  the  radius  of  the 

up-stream  face  of  the  dam.     The  ratio  of  these  moments  of  inertia  is 

c«  +  4  c  -f.  1 
"=     3(c.M)    • 

To  introduce  this  value  of  /  in  the  equations  for  d  A  and  d  tan.  a 
would  result  in  forms  very  difficult  if  not  impossible  of  integration. 
The  obvious  approximation  is  to  multiply  the  individual  deflections 
and  deflection  angles  by  the  reciprocal  of  m  obtained  from  the  joint 
length  at  the  middle  of  the  section  under  consideration,  before 
cumulating  the  individual  results  for  the  deflections,  D.  A  test  com- 
pntation  shows  that  the  error  of  this  approximation  is  less  than  half 
of  \%  at  the  base  of  Dam  No.  1 .  It  will  diminish,  of  course,  toward 
the  top,  while  it  will  be  somewhat  greater  for  a  lesser  radius. 

Before  leaving  this  branch  of  the  subject  it  may  be  remarked  that 
we  have,  for  the  triangular  profile,  the  following  simple  formulas, 
which  aid  rapid  computation.  Let  Fbe  the  volume  and  TFthe  weight 
of  a  vertical  slice  of  the  dam  contained  between  radial  planes  1  ft. 
apart  at  the  up-stream  face,  u  the  distance  of  its  center  of  gravity 
from  the  same  face,  v  the  distance  from  the  vertical  through  the  center 
of  gravity  to  the  point  of  the  base  where  the  resultant  pressure 
strikes,  M^  the  total  moment  of  all  loads  above  the  base,  d  y  the  unit 
weight  of  the  masonry,  and  for  the  remainder  the  notation  already 
used. 

Therefore: 


u       2E  —  bh 


I  ""6i<— 26V 


..(s-^)*"/ 


.(3) 
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Second, — The  error  resulting  from  computing  the  arch  deflections  Mr.Shirrefls. 
as  due  to  an  arch  having  the  radius  of  the  extrados,  instead  of  using 
the  radius  of  the  axis,  will  be  corrected  in  the  general  solution  of  the 
deflections  of  the  curved  beam,  which  follows.  . 

Third, — The  following  is  offered  as  a  solution  of  the  problem  of  ob- 
taining the  movements  and  stresses  in  an  arch  subjected  to  a  uniform 
normal  or  radial  load.  As  the  resulting  equations  are  very  much 
simpler  and  easier  of  application  than  the  equations  for  the  circular 
arch,  under  whatever  load,  to  be  found  in  the  textbooks,  the  methods 
and  results  are  given  in  some  detail. 


Fio.21 


Imagine  the  segmental  arch,  of  which  l-2'-3'  (Fig.  21)  is  one-half  in 
its  unloaded  position,  to  be  a  portion  of  a  <'  closed  ring,"  or,  what  is 
equivalent,  imagine  the  abutments  upon  which  the  arch  rests  to  be 
frictionless,  then,  under  the  unit  loading,  q,  producing  a  shortening^ 
2  j>,  of  the  original  length,  2  X,  thp  radius  of  the  arch  will  be  reduced 
by  a  proportionate  amount,  /,  and  the  half  arch  will  move  to  the  new 
position,  ^-^-O,  in  which  position  it  will  be  in  perfect  equilibrium, 
with  axial  stresses  at  all  points  =  q  R,  but  without  internal  moments. 

Now  imagine  the  arch  to  be  severed  at  the  crown,  the  right,  half 
being  replaced  by  a  crown  thrust  =.  q  By  and  the  half  arch  then 
moved  outward  until  Point  4  again  coincides  with  Point  1,  but  with- 
out disturbing  the  perpendicularity   of  the   axis  at  the  skewback. 


and 
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Mr.shirreffs.  The  center  of  the  arch  will  now  be  at  0  instead  of  0';  Point  6  will  be 
in  the  position  of  Point  3,  at  the  horizontal  distance,  k,  from  the  ver- 
tical through  the  middle  of  the  span  and  at  the  vertical  distance,  ^^^ 
below  the  original  crown  of  the  nrch,  bnt  the  crown  joint  will  still  be 
vertical.     The  arch  will  be  assumed  to  have  a  width,  /,  and  a  thick- 

ness,  1.     Since  /  :  X  =:  R  :  L,  and  since  X  =  3—         ^e  will  have, 

a  R' 
k  =/sin.  a„  =  "^-j  sin.  a^ (5) 

^,=/(l-cos.a„)=^'(l-cos.  aj (6) 

At  a  point  distant  a  degrees  from  the  crown  we  shall  have  J^:  J^  = 
a^  —  a  :  a^,  and,  therefore, 

q  R'  a^  —  a  ,^  .  ,^  ^ 

^•'=  £T -^  (^ -*'*'"• '^"^ (^) 

In  order  now  that  the  integrity  of  the  arch  be  restored,  it  is  neces- 
sary: 

First,  that  the  crown  thrust,  q  R,  be  so  diminished  that,  under  the 
joint  action  of  such  diminished  thrust  and  the  loads  on  the  half  arch, 
the  curved  beam,  1-2-3,  considered  as  fixed  at  the  abutment,  shall  be 
deflected  through  the  horizontal  distance,  k;  and 

Second,  that  the  crown  joint,  which  will  have  been  deflected  by  this 
movement  through  the  angle,  /3,  shall  be  again  made  vei-tical  in  its 
new  position,  which  can  only  be  accomplished  by  the  application 
thereto  of  a  moment,  ilf^  As  the  original  crown  thrust,  q  R,  just  holds 
the  arch  in  equilibrium  against  the  action  of  the  loads,  the  first  move- 
ment will  be  identical  with  that  caused  by  the  action  of  a  force,  H', 
applied  at  the  crown,  equal  to  the  necessary  diminution  of  q  i?,  and 
acting,  therefore,  toward  the  right.  The  total  movement  of  the  arch 
at  any  point  will  be  obtained  by  combining  the  movements  produced 
by  H'  and  Jlf.  with  those  resulting  from  the  axial  stress. 

Neglecting  the  slight  reduction  in  the  compression  of  the  arch 

occasioned  by  diminishing  q  Rhj  the  amount,  H%  to  obtain  the  value 

of  B*  we  must  substitute  in  the  general  expression  for  the  deflection  of 

d  X 
a  beam,  d8  =  Mx  -^-j-  (moments  taken  about  Point  2),  H*R{1  — cos.  a) 

a  fi 

for  M;  2  R  sin.  ^y  for  x;  R  d  a  for  d  x  and  -^o  ^^^  ^f  *°^  ^^  go** 

^      El^      (l~cos.  a)sm.  -^d a. 

But  the  horizontal  component  of  this  arc  i&  dk  =  da*  sin.  —  , 

12  jB' 
therefore,  d  k  =  '^nrw'  ^'  (1  —  cos.  a)*  d  a.     Integrating  this  expres- 
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sion,  between  the  limits  a^  and  0,  and  equating  the  result  with  the  Mr.  Shirreffs. 
yalue  of  A;  in  Equation  5,  we  obtain : 

ff'S^ll 28in^_a^^ ^. 

12  3  a„  -f  sin.  a„  cos.  a„  —  4  sin.  a„ 

Now  the  moment,  M ,  must  cause  the  same  angular  deflection  in 
the  whole  beam  as  the  force,  H\     In  the  genei  al  equation  for  angular 

deflection,  d  /3  =  —  =  M  -rry,  we  must  substitute,  in  one  case,  H'  R 

(1  —  cos.  a),  and  in  the  other,  M^  for  M,  and  in  both  cases,  Rd  aioi 

d  X,  thus  getting, 

.  _       12  IP  R\^  .    ,         VAM,R  . 

d/3  =  --^i^—  (1  —  COS.  a)da  =  —j^r^r-  ^^  «• 

Integrating  both  expressions  for  d  fty  between  che  limits  a^  and  a, 
and  equating  the  results,  we  have : 

M,  =  H*R  '^"  ""  ^'°-  "^^ (8) 

This  can  be  readily  combined  with  Equation  7,  and  the  result  is: 

^  ^  q  /'or.. —  sin,  a^ 2  sin,  a^ 

^       12  a^  3  a^  4-  sin.  a„  cos.  a^  —  4  sin.  cXq     " 

To  obtain  the  movement  of  the  arch  under  the  combined  action  of 

IP  and  M^,   we  have  to  substitute  again  in    the  general  equation 

d  X 
d  s  =  M  X  -p-j  (moments  referred  to  Point  X,  movement  of  Point  2)  in 

one  case,  H'  R  \1  —  cos.  (a  -f-  0)J,  and  in  the  other,  M^  for  M;  and  in 

both  cases,  2  R  sin.  -^-  for  x,  and  R  d  (p  for  d  x'y  and  remembering 

that  the  movement  produced  by  M^  is  in  the  opposite  direction  to  that 
produced  by  H\  we  have: 

d8^=  ^i?"  (£r  i?  [1  -  COS.  (a  +  <p)\  -  if,)  sin.  -|-  d  0. 

The  radial  component  of  this  movement  (the  arch  deflection  which 
in  a  curved  dam  will  produce  stresses  in  the  vertical  beams)  is 

d  D'     =d8*    COS.  -%-,  therefore, 

a  a  2 

dD*^  =  ^^  (H'  R[l-  COS.  (a+  0)]  -  M,)  sin.  4>d0, 

Integrating  this  between  the  limits  </>  =  (a^  —  a)  =  y  and  </>  =  0,  and 
substituting  the  values  of  H*  R  and  itf^,  as  derived  from  Equations  7 
and  8,  we  get 

''^'.=<^^- (9) 

in  which  C  has  the  general  value  given  in  Equation  9a 

^       2  sin.  a„  ,^                  .    ,  sin.  a  ,^  •     n    ^ 

C  =  — - — ?  (1  —  COS.  r)  H s—  (2  r  —  8in.  2  r) 

,   COS.  a .        n          1  \    .      3  cr„     ,                      ,  ,_  . 

+  -g-  (cos.  2;^—  1)  -  ^T^  +  COS.  a^  —  4 (9a) 
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Q  y  =:  a^,,  the  value  of  Cis  in 
^  (1  — COS.  tto)  4-  COB.  2  a„  —  1 


Mr.Bhlrreffs.  When  a  =  0,  and  therefore  y  =  a^,,  the  value  of  Cis  in  simpkr  terms, 

2  sin.  rr^ 


0,.  =- 


3  a, 


+  cos.  a^  —  4 


and  again,  for  the  semicircle,  since  then  0'^=  -5-, 


—  1 


c„= 


3£_4 


.(96) 


.(9«) 


1.4U 

i         1          1          '       -LB' 
Formula  =»i)o  «-  CCo  -^gj- 

k 

cc  :^"c-r«°x*'~*'''«-' 

.71 

1.S0 

f  U-i:w^*«'0/ 

/      ;          1 

J«0 

sin.  a 

0 

».ao- 

1 

/ 

/ 

1.20 

/ 

A 

/ 

1.10 

/ 

/ 

1.00 

y 

/ 

!  / 

/ 

0.90 

^ 

X 

0°       10'     20°     30'     40^      50^     60°     70 '    bO^     ttO^    100° 

Value  of  ao 

Fia.22 

The  diagram.  Fig.  22,  prepared  in  accordance  with  the  foregoing- 
formulas,  will  enable  the  coefficient  C  Q^  for  the  total  crown  deflection 
(embracing  both  the  effect  of  R^  and  ilf^,  and  the  axial  stress),  or 


i>.= 


Kl 


-,  to  be  obtained  by  inspection  for  an  arch  of  any  angle 


with  reasonable  accuracy.  The  form  of  Equation  9  does  not  permit  the 
general  value  of  G  C^  to  be  diagrammed,  except  for  a  fixed  value 
of  a^. 

It  should  be  remarked  here  that,  as  all  the  deductions  have  been 
based  upon  the  assumption  that  the  axis  of  the  arch  is  loaded  with  q 
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per  unit  of  leogth,  it  is  necessary  to  insert  in  all  the  equations,  not  Mr.  Shirreffs. 
the  value  of  q  as  it  exists  at  the  extrados  of  the  aroh,  but  this  valne 
multiplied  by  the  ratio  of  the  radius  of  the  extrados  to  the  radius  of 
the  axis.  It  may  also  be  noted  that  if  it  be  desired  to  obtain  the 
stresses  at  any  point  of  the  arch,  it  vill  usually  be  close  enough  to 
combine  with  the  axi^l  stress,  q  R,  the  stresses  of  compression  or  ten- 
sion produced  by  the  moment,  M^  The  force,  W,  may  usually  be 
neglected,  as  it  has  been  in  deriving  the  above  formulas,  as  it  is  quite 
small  in  comparison  to  q  iZ,  although  in  very  flat  arches  it  will  be 
necessary  to  take  the  effect  of  H*  into  account.  If  it  be  considered 
necessary  to  embrace  the  effect  of  H*  upon  the  arch  compression  in 
the  formulas,  they  may  become  considerably  more  complex,  but  will 
yield  then  smaller  values  of  fP,  and  therefore  of  D,  than  the  fore- 
going. The  moment  at  any  point,  a  degrees  from  the  crown,  is 
jy  iJ  (1  —  COS.  a)  —  ilf ,  or 

sin.  a„ 
-9       2  —  COB.  a 


M^. 


6      3  a, 


+  COS.  a,  —  4 


.(10) 


sm.  a, 

M^  becomes  0,  or  there  is  a  point  of  contrary  flexure  in  the  curved 
beam  used  as  an  arch  under  a  uniform  radial  load,  when  cos.  a  = 

— '- — 2  or  in  the  semicircle  when  cos.  a=  — ,  or  at  about  SO^  from  the 

crown. 

Mr.  Woodard's  formula  for  obtaining  the  crown  deflections,  re- 
duced to  the  notation  thus  far  used  herein,  is, 

5  i?      cot.  a„       ^„  q  ^ 


!>.  =  ' 


Bl  ""      2 

and  he  further  assumes  that  intermediate  deflections  will  be  propor- 
tional to  the  angular  distance  from  the  crown.  Table  No.  7  compares 
the  deflections  thus  obtained  in  an  arch  having  a^  =  74^  (Arch  No. 
1  in  Profile  No.  2  in  Table  No.  6)  with  the  deflections  of  the  same 
arch  considered  as  a  curved  beam,  the  coefficients  requiring  to  be  mul- 

tiplied  by  -^^-r-  in  both  cases  to  obtain  the  actual  deflections. 

Jot  I 

TABLE  No.  9. 


a  = 

Qo 

14°  48' 

29»  86' 

44«  84' 

60O  18' 

cc 

Ratios  toCC    

1.288 
1.000 

1.714 
1.000 

0.72 

0.888 
0.678 

1.871 
0.800 

0.61 

0.728 
0.688 

1.028 
0.600 

0.70 

0.488 
0.894 

0.686 
0.400 

O.TO 

0.811 
0.178 

CC" 

0.848 
0.800 

0.61 

Ratios  to  C('^ 

Ratio  ^^  ,.... 

CC" 
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Mr.  shirreffs.  It  will  be  seen  that,  although  the  deflections  of  the  curyed  beam 
are  at  all  points  much  less  than  those  resulting  from  the  approximate 
method,  there  is  no  g^eat  departure  from  proportionality  except  near 
the  crown.  It  will  be  interesting,  also,  to  note  the  division  of  the 
total  load  between  the  arches  and  an  intermediate  beam.  The  follow- 
ing figures  refer  to  the  beam  in  Profile  No.  2,  which  is  situated  29^  36' 
from  the  crown,  the  notation  being  that  used  before. 

Joint.  *  12  8  4 

Q    63  280        112  500        168  750        

P  21420  74  900        145  210         

^i±^ 0.577  0.743        0.872 

Comparing  these  figures  with  those  given  in  the  latter  part  of 
Table  No.  6,  it  will  be  seen  that  the  intermediate  beams  carry  a 
greater  proportion  of  the  load  than  the  middle  beam;  in  other  words, 
the  deflections  of  the  shorter  beams  are  reduced  more  rapidly  than 
the  deflections  of  the  arches.  This  change  in  the  condition  of  the 
arch  load  from  perfect  uniformity,  of  course,  will  have  a  tendency 
toward  a  readjustment  of  all  deflections  and  loads.  It  would  have 
been  interesting,  to  the  writer  at  least,  if  time  had  permitted  the 
working  out  of  a  profile  with  a  practical  top  width  and  also  such  as  to 
avoid  tension  at  all  points,  but  this  has  been  impossible. 

In  all  that  precedes,  the  investigation  of  the  problem  of  the  curved 
dam  has  been  conducted  upon  the  s apposition  that  the  various  arch 
slices,  into  which  the  dam  is  divided  for  calculation  of  movements 
and  stresses,  are  perfectly  free  to  move  relatively  to  each  other,  and 
that  only  as  a  part  of  each  became  in  turn  a  part  of  some  vertical 
beam  would  there  be  a  composite  action  of  the  masonry  of  the  dam. 
But  the  several  arch  slices  are  not  free  to  move  relatively  to  each 
other;  they  react  on  each  other  in  such  a  way  as  to  prevent  the  full 
shortening  under  the  axial  stress  due  to  the  load  which  is  actually 
carried  by  them.      This    third    composite    action  of   the    masonry 
virtually  brings  into  play  a  second  set  of  vertical  beams,  resisting 
movement  this  time  in  the  direction  of  the  axis  of  the  dam,  instead  of 
transversely  to  this  axis,  and  resisting  it  more  effectually,  too,  than 
the  transverse  beam  can,  because  each  axial  beam,  in  the  dam  built 
in  a  triangular  valley,  is  reacted  upon  by  a  beam  of  diminished  height 
and  therefore  ef  greater  power  of  resistance.     But  even  in  the  case  of 
a  dam  the  bottom  of  which  should  be  level  throughout  until  the  com- 
mon vertical  abutment  of  all  the  component  arches  was  reached,  a 
case  scarcely  to  be  met  in  practice,  the  axial  beams  would  still  exert 
a  restraining  force  on  the  movement  of  the  upper  arch  slices.     The 
effect  of  this  second  set  of  vertical  beams  must  be  to  transfer  the 
effect  as  to  average  axial  compression,  and  therefore  as  to  deflection 
of  each  upper  arch  slice,  of  some  portion  of  the  load  on  this  upper 
slice  to  a  lower  one,  but  at  a  point  nearer  the  final  point  of  support. 
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In  other  words,  eyerj  load  upon  a  carved  dam  is  diyided  into  three  Mr.8hirr«ffs. 
parts,  one  part  passing  through  a  horizontal  aroh  to  its  abutment, 
another  part  by  the  aid  of  the  vertical  axial  beams  into  the  abutment 
of  some  lower  arch  slice,  and  the  third,  and  probably  in  an  arch  of 
moderate  radius,  at  least  as  regards  the  loads  near  the  top,  much  the 
smallest  part,  through  the  transverse  vertical  beams  into  their 
foundation. 

While  it  may  not  be  possible  to  submit  this  very  complicated 
action  of  the  several  resistances  of  the  masonry  of  the  curved  dam  to 
a  satisfactory  mathematical  analysis,  there  can  be  no  doubt  that  the 
resistance  last  referred  to  plays  a  very  important  part  in  the  stability 
of  such  structures.  In  the  writer's  opinion,  it  accounts  entirely  for 
the  existence  at  the  present  time  of  the  Zola  Dam  in  France  and  the 
Bear  Valley  Dam  in  the  United  States.  The  former,  built  in  1843 
and  curved  to  a  radius  of  158  ft.,  has  a  height  of  120  ft.  and  a  base  of 
43  ft.  {d  =  0.36),  while  the  latter,  built  in  1884,  is  curved  to  a  radius 
of  335  ft.,  and  is  only  8.42  ft.  thick  at  a  point  44  ft.  below  the  water 
line  (6  =  0.18).  In  the  latter  structure,  especially,  computation  by 
the  method  herein  first  discussed  would  undoubtedly  show  the  exist- 
ence of  large  tensile  stresses  over  probably  the  entire  base.  While 
the  consideration  of  the  axial  vertical  beams  may  not  warrant  the 
adoption  of  a  profile  which  shows  such  stresses  when  thus  computed, 
it  should  certainly  inspire  confidence  in  one  free  from  tension  when 
thus  analyzed.* 

As  to  the  effect  of  temperature  changes,  unfortunately,  there  are 
few  data  with  which  to  work.  There  is  for  instance  an  almost  entire 
lack  of  information  as  to  the  penetration  into  the  body  of  a  massive 
mMonry  structure  of  the  effect  of  the  exterior  seasonal  changes.  With 
the  facility  afforded  by  electrical  methods  for  measuring  such  effects, 
it  is  to  be  desired  that  every  engineer  who  builds  such  a  structure  at 
the  present  time  should  make  the  inexpensive  preparation  required 
to  observe  in  this  manner  the  temperature  changes  in  the  interior  of 
the  mass.  The  writer  believes  that  where  a  radius  short  enough  to 
develop  the  economic  advantage  of  the  curved  dam  can  be  adopted 
(and  this  seems  to  require  a  radius  not  much  greater  than  400  ft.), 
there  need  be  no  anticipation  that  temperature  changes  will  operate 
to  the  injury  of  the  structure. 

It  may  be  of  interest  to  call  attention  to  the  only  case,  within  the 
writer's  knowledge,  where  the  movements  of  a  masonry  dam  have 
been  actually  observed.  The  case  is  that  of  the  dam  at  Bemscheid, 
Germany,  built  by  Professor  Intze,  the  results  of  such  measurements 
being  reported  by  him  in  the  Zeitschrift  des    Vereines  deuhcher  In- 

*  The  above  was  written  before  reading  the  remarks  of  Mr.  Frizell,  Proceedings, 
Am.  8oc.  C.  E.,  for  May.  1004,  p.  406,  in  discussing  the  same  point.  It  is  allowed  to 
stand,  as  at  least  emphasizing,  and  perhaps  making  a  little  clearer,  the  action  to  which 
BIT.  Frizell  calls  attention. 
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I 

I  Mr.Shlrreffg,  genieure  for  1895.    A  brief  abBtract  of  this  article  was  given  in  Engi- 

neering News  of  January  30th,  1896,  and  the  following  is  quoted 
therefrom : 

\  "Carefnl  measurements  have  been  made  to  ascertain  the  radial 

I  movements    *    *    *    due  to  variations  in  pressure  and  temperature. 

j  The  former  have  caused  the  greatest  movement  at  the  center— Ij^  ins. 

— while  at  symmetrical  points  between  the  center  and  the  wings  the 
observed  movement  was  -fs  in.  The  greatest  effect  due  to  temperature 
changes  was  observed  during  a  very  hot  and  dry  summer  upon  the 
curved  surface,  and  was  i  in.  on  one  side  of  the  dam  against  only  iin. 
on  the  other.  This  unsvmmetrical  action  is  explained  by  the  fact 
that  the  former  was  entirely  exposed  to  while  the  latter  was  largely  pro- 
tected against  the  influence  of  the  sun.  The  author  believes  that  if 
the  dam  had  not  been  curved  these  movements  would  certainly  have 
produced  cracks."' 

It  may  be  added  that  the  dam  was  about  13  ft.  wide  at  the  top  and 
49  it.  wide  at  the  bottom  where  the  height  was  greatest  (about  82  ft.)» 
the  down-stream  face  curving  vertically  between  these  points.  The 
horizontal  radius  of  the  up-stream  face  at  the  top  was  410  ft.  It  is 
interesting  to  compare  the  actual  movement  of  this  comparatively 
low  dam  with  the  deflection  of  only  (  in.  which  Mr.  Woodard  computes. 
•  for  the  Lake  Cheesman  Dam,  assuming  E  =3  000  000  lb.  per  sq.  in. 

In  concluding,  the  writer  desires  to  acknowledge  the  valuable 
assistance  rendered  him  by  Mr.  F.  F.  Moore  in  verifying  many  of  the 
deductions  and  computations.  This  assistance  was  the  more  appre- 
ciated because  it  was  rendered  through  love  for  his  profession. 
Mr.  wisner.  Gbobgb  Y.  Wisneb,  M.  Am.  See.  C.  E.  (by  letter).— The  work  dis- 
cussed in  this  paper  is  particularly  interesting  at  the  present  time,, 
for  the  reason  that  a  number  of  dams  are  likely  to  be  constructed  in 
the  near  future,  under  somewhat  similar  natural  conditions,  for  the 
storage  of  flood  waters  for  irrigation  purposes  in  the  West;  and 
especially  as  the  structure,  as  completed  under  the  present  Chief 
Engineer,  A.  E.  Eastl,  M.  Am.  Boc.  C.E.,  is  one  of  which  the  engineers 
who  designed  and  supervised  the  work,  and  the  contractors  who  con- 
structed it,  may  well  feel  proud. 

Many  of  the  large  undertakings  of  recent  jears  have  been  criticized 
so  severely  for  faulty  construction,  both  as  to  design  and  workman- 
ship, that  it  is  refreshing  to  have  an  actual  example  of  completed 
work  in  every  way  superior  to  that  called  for  in  the  plans  and  specifi- 
cations under  which  it  was  built. 

In  regard  to  the  rock-fill  dam,  originally  proposed  for  this  project, 
the  structure  would  doubtless  have  answered  the  purpose  for  which, 
designed  if  it  could  have  been  completed  before  being  subjected  to 
flood  overflow,  but,  from  a  professional  point  of  view,  the  dam,  a& 
completed,  is  better  designed  to  meet  the  natural  conditions  and  t^ 
give  satisfactory  results. 

Knowing  the  inevitable  result  of  permitting  a  heavy  flood  to  flow 
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over  the  unprotected  top  of  a  partially  completed  rock-fill  dam,  it  is  Mr.  Wisner. 
somewhat  snr prising  that  greater  precautions  were  not  taken. 

In  the  case  of  a  rock  and  earth-fill  dam,  50  ft.  high,  soon  to  be 
constructed  in  the  Snake  Biver,  in  Idaho,  the  plans  provide  for  a  by- 
pass around  one  end  of  the  dam  of  such  dimensions  as  will  take  care 
of  the  flow  during  construction.  This  by-pass,  afterward,  will  be 
closed  by  regulating  gates,  for  emptying  the  reservoir,  and  a  thin, 
reinforced  concrete,  arched  dam  resting  on  the  gate  piers  and  abutting 
against  the  side  walls  of  the  by -pass. 

It  is  stated  in  the  paper  that  a  balance  valve  was  placed  at  the 
entrance  of  the  lower  tunnel,  for  the  purpose  of  regulating  the  out- 
flow, of  which  valve  no  description  is  given. 

It  is  a  well-known  fact  that  many  of  the  devices  known  as  balance 
valves  do  not  work  as  such  in  actual  practice,  and,  as  the  writer  is 
informed  that  the  one  in  question  has  never  been  operated,  it  would 
be  interesting  to  know  its  construction,  and  whether  it  is  likely  to 
meet  the  requirements. 

It  is  inferred  from  the  statements  of  the  authors  that  the  arch  type 
of  dam  was  adopted  for  the  reason  that  such  type  was  better  adapted 
for  the  site  than  a  straight  dam,  and  was  no  more  expensive,  rather 
than  from  any  expected  additional  stability  to  be  derived  from  such 
form.  However,  it  appears  from  the  very  interesting  analysis  of  the 
stresses  in  the  dam,  given  by  Mr.  Woodard,  that  at  the  top  of  the  dam 
the  arch  carries  nearly  half  the  load,  6%  half  way  down  and  nothing 
at  the  bottom. 

When  it  is  considered  that  the  lower  100  ft.  of  this  dam  is  practi- 
cally an  immense  wedge  of  masonry  held  firmly  in  position  by  the  solid 
granite  of  the  canyon  walls,  preventing  any  tendency  to  slide  or  over- 
turn, it  is  probable  that  this  arch  really  takes  care  of  a  much  larger 
percentage  of  the  stress,  which  would  otherwise  be  transmitted  to  the 
foundation,  than  shown  by  the  analysis. 

It  is  assumed  in  the  analysis  that  the  modulus  of  elasticity  is  the 
same  for  the  vertical  sections  of  the  dam  as  in  the  horizontal  rings 
used  in  computing  the  pressures  transmitted  to  the  side  walls  through 
the  arch.  In  the  mid-stream  vertical  sections  of  the  dam,  the  concrete 
aud  granite  boulder  masonry  constitutes  the  greater  portion,  while, 
for  the  upper  third  of  the  dam,  where  the  arch  is  most  effective,  the 
granite  masonry  faces  greatly  increase  the  average  modulus  over  that 
of  the  vertical  section.  The  writer  is  strongly  of  the  opinion  that  an 
analysis  of  the  probable  stresses  in  the  structure,  made  with  approx- 
imately correct  moduli  for  the  vertical  and  horizontal  sections,  would 
show  the  stability  to  be  much  greater  than  stated  by  the  authors. 

In  localities  having  as  wide  a  range  of  temperature  as  exists  in 
most  of  the  Western  States,  the  stresses  developed  in  dams  from 
changes  of  temperature  may,  under  certain  conditions,  exceed  those 
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Mr.Wisner.  arisiDg  from  the  water  pressure  on  the  face  of  the  dam;  and,  where 
reservoirs  are  likely  to  remain  only  partly  full  for  long  periods,  the 
use  of  steel  in  the  upper  portion  of  the  structure  is  a  precaution 
worthy  of  careful  consideration.  In  the  case  of  a  straight  dam,  the 
tensile  strains  from  change  of  temperature  may  reduce  the  stability 
to  that  of  the  theoretical  section  generally  used  in  designs  for  grav- 
ity sections,  which,  with  the  uncertain  characteristics  of  the  mate- 
rials used,  cannot  be  considered  safe.  In  the  case  of  the  proposed 
Salt  River  Dam,  in  Arizona,  the  upper  100  ft.  of  the  dam  will  be  re- 
inforced with  steel,  and,  as  an  additional  precaution,  the  masonry 
of  that  portion  of  the  dam  will  be  put  in  only  when  the  tempera- 
ture is  below  the  average  for  the  year,  thereby  insuring  either  normal 
or  compressive  stresses  for  most  of  the  time. 

During  the  excessively  cold  weather  of  the  winter  of  1903-04,  a 
vertical  temperature  crack,  some  30  ft.  long  and  i  in.  wide,  breaking^ 
directly  through  the  solid  granite  face  stones,  developed  in  theChees- 
man  Dam,  which  closed  and  nearly  disappeared  when  the  weather 
moderated.  In  a  straight  dam,  with  a  full  reservoir,  such  a  crack 
would  have  been  likely  to  develop  leaks  and,  possibly,  have  endan- 
gered the  structure,  but,  in  the  arch  dam  at  Cheesman.it  did  no  prac- 
tical damage  whatever,  the  crack  only  extending  a  short  distance  from 
the  face. 

Taking  into  consideration  the  natural  conditions  at  the  site  of  the 
Cheesman  Dam  and  the  design  adopted,  it  is  probable  that  a  mid- 
stream cross-section  with  a  base  two-thirds  of  that  used,  would  have 
been  absolutely  safe— in  fact,  the  only  indication  of  seepage  that 
shows,  with  100  ft.  of  water  against  the  face  of  the  dam,  is  through 
the  narrow  granite  point  against  which  the  north  end  of  the  dam. 
abuts. 

In  the  arch  type  dam,  such  as  that  described,  it  is  probably  true 
that  the  rigidity  of  the  structure  will  prevent  it  from  acting  as  a  theo- 
retical arch,  but,  since  the  transmission  of  stresses  through  the  struc- 
ture, either  vertically  or  horizontally,  pre- supposes  distortion,  it  is 
practically  self-evident  that  the  stresses  from  water  pressure  on  the 
face  of  the  dam  will  be  distributed  to  the  side  walls  by  the  arch,  as 
well  as  to  the  foundation  by  the  bending  movement  in  the  mid-stream 
vertical  section — the  amount  of  which  will  depend  upon  the  design 
of  the  dam  and  the  nature  of  the  materials  of  which  it  is  con- 
structed. 

The  substitution  of  a  granite  masonry  spillway  for  one  in  the 
natural  rock  of  the  granite  point  at  the  north  end  of  the  dam  has 
strengthened  the  structure  and  improved  its  appearance.  The  com- 
pleted dam  is  probably  the  best  example  of  modern  dam  construction 
in  the  United  States,  and  is  well  worthy  of  a  visit  by  engineers  inter- 
ested in  work  of  this  class. 
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Edwin  Dubtea,  Jr.,  M.  Am.  Soc,  C.  E.  (by  letter). — About  a  year  Mr.  Duryea. 
ago  the  writer  had  occasion  to  design  a  masonry  dam  for  a  site 
especially  favorable  to  the  arch  type.  Economy  made  this  type 
desirable,  while  the  presence  in  the  same  State  (California)  of  such 
snccessf al  examples  as  the  Bear  Valley,  Sweetwater  and  Upper  Otay 
Dams  made  it  especially  advisable  to  nse  the  arch  type  if  it  could  be 
shown  by  investigation  to  be  theoretically  justifiable.  An  investiga- 
tion, therefore,  was  made  with  some  care,  in  order  to  furnish  definite 
grounds  for  the  acceptance  or  rejection  of  this  type. 
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The  structural  plan  investigated  is  shown  by  Figs.  23,  24  and  25, 
the  principal  dimensions  being  a  length  of  440  ft.  on  the  crest,  a 
maximum  height  of  126  ft. ,  a  vertical  ux>-stream  face  having  a  radius 
of  200  ft. ,  and  the  down-stream  face  battered  6  in.  horizontally  to  12  in. 
vertically.  This  profile,  if  the  entire  water  pressure  is  assumed  to  be 
carried  by  arch  action  alone,  gives,  throughout  the  dam,  a  nearly 
uniform  arch  stress  of  about  12^  tons  per  sq.  ft.  of  arch  section. 
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Mr.  Duryea.  The  inyestigation  was  made  on  the  same  general  lines  as  given  in 
this  paper,  and,  while  not  exhaustive,  showed  conclusively  that,  for 
the  structure  and  conditions  assumed,  only  a  small  proportion  of  the 
total  water  pressure  could  be  borne  by  arch  action  until  after  a  sliding 
or  giving,  to  develop  this  action,  had  occurred  on  several  horizontal 
planes,  and  especially  at  the  base  of  the  dam.  . 

The  computed  proportions  of  the  total  water  pressure  which  could 
be  borne  by  arch  action  before  such  sliding  occurred  vary  irrei<ularly 
from  about  16%  near  the  crest  of  the  dam  to  zero  at  the  base,  the 
average  at  twelve  points  equidistant  vertically  being  about  8  per  cent. 
These  proportions  are  shown  in  detail  in  Fig.  29.  They  are  only 
approximations,  being  in  each  case  for  the  middle  point  only  of  the 
horizontal  arch  lamina  in  questiou,  but,  at  least,  they  show  conclu- 
sively that  (unless  sliding  has  occurred)  only  a  small  amount  of 
assistance  in  carrying  the  water  pressure  can  be  expected  from  the 
arch  form.  Reliance  on  arch  action,  as  justifying  a  section  thinner 
than  a  gravity  section,  therefore,  was  reluctantly  abandoned. 

It  seems  self-evident  to  the  writer,  however,  that  the  gravity 
section  should  be  built  in  an  arch  form  whenever  practicable,  as  a 
dam  arched  in  plan  will  generally  cost  but  little,  if  any,  more  than  a 
straight  dam  of  equal  section,  and,  in  case  of  a  failure  of  the  gravity 
section,  the  arch  action  will  be  developed  and  will  in  all  probability 
prevent  a  collapse  of  the  structure. 

Bough  approximate  estimates  of  the  cost  of  a  dam  at  the  site  in 

question  were  made  on  five  plans,  as  follows: 

Percenta^res. 

1.— Gravity  type,  arched  in  plan 1(340  000    100    152    136 

2.— Sweetwater  section,  arch  type. ..  230  000      68    103      92 

3._Arch  type,  as  described 223  000      66    100      89 

4.— Rook-mi  dam  330  000      97    148    132 

5.— Buttress  type 250  000      74    112    100 

The  gravity  type  referred  to  is  Wegmann*s  practical  profile  No.  2. 
The  Sweetwater  section  is  that  of  the  Sweetwater  Dam  extended  down- 
ward for  a  greater  height  by  differences.  The  rock- fill  dam  is  10  ft. 
wide  on  the  crest,  with  an  up-stream  slope  of  1:1,  and  a  down-stream 
slope  of  ]  horizontal  to  1  vertical.  The  buttress  dam  was  composed 
of  eight  semi-circular  arches  supported  by  buttresses  50  ft.  apart, 
center  to  center.  The  minimum  thickness  of  th^se  arches  was  5  ft., 
increasing  to  12  ft.  at  the  lowest  point  of  the  dam  by  steps  on  the 
down -stream  face,  the  up-stream  face  being  vertical.  The  buttresses 
were  7  ft.  thick  at  the  top  and  increased  by  steps  on  both  sides  to  15  « 
ft.  thick  at  the  base  of  the  highest  buttress. 

In  making  the3e  comparative  estimates,  the  same  price  per  cubic 
yard  of  mswonry  was  assumed  for  Types  Nos.  1  to  3,  inclusive.  The 
price  par  cubic  yard  assumed  in  estimating  the  rock-fill  dam  was  one- 
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quarter  of  that  for  Types  Nos.  1  to  3;  while  the  price  assumed  in  con-  Mr.  Duryea. 
nection  with  the  buttress  dam  was  30%  in  excess  of  that  used  for 
Tjpas  Nos.  1  to  3.  The  high  comparative  cost  of  the  rock-fill  dam  is 
due  mainly  to  ifcs  bottom  width  being  greater  than  the  length  of  the 
narrow  gorge  forming  the  dam  site,  thus  allowing  a  great  spread  in 
the  base  of  the  rock  fill.  The  estimated  cost  of  the  buttress  dam  is 
relatiyely  high  bacause  it  was  not  practicable  to  locate  it  entirely  on 
the  narrow  dike,  as  could  be  done  with  Types  Nos.  1  to  3. . 

In  all  five  types  considered,  floods  were  to  be  taken  care  of  by  a 
liberal  spillway,  east  of  the  dam,  through  the  natural  rock. 

From  the  five  plans  compared,  the  buttress  type  was  chosen  be- 
cause of  its  comparatively  low  cost,  in  conjunction  with  the  fact  that 
strict  analysis  justifies  the  structure  as  a  safe  one.  This  plan  was 
thoroughly  investigated,  and  full  stress  sheets  and  drawings  were  pre- 
pared. The  maximum  allowable  stress  in  the  arches  from  water  pres- 
sure was  fixed  at  10  tons  per  sq.  ft.,  and  that  in  the  buttresses,  from  a 
combination  of  water  pressure  and  weight  of  masonry,  at  15  tons  per 
sq.  ft.  The  maximum  allowable  shear  in  the  buttresses  was  fixed  at  5 
tons  per  sq.  ft.  The  buttresses  were  proportioned  so  as  to  keep  the 
resultants  of  horizontal  and  vertical  forces  within  the  middle  thirds. 

While  the  buttress  design  proposed  for  this  dam  lacks  conserv- 
atism, in  being  higher  than  any  buttress  dam  yet  built,  no  other  valid 
objection  can  be  made  to  it  except  the  possibility  (a  very  remote  one, 
even  in  California)  of  its  injury  by  earthquakes.  In  such  a  climate, 
no  possible  injury  can  occur  from  the  expansion  or  impact  of  ice. 

In  some  locations,  the  writer  believes  that  the  buttress  type  will 
give  a  dam,  not  only  much  lower  in  cost,  but,  in  addition,  much  safer, 
than  will  the  Wegmann  gravity  section.  This  section  seems  to  be  gen- 
erally regarded  as  safe  without  question.  It  makes  no  provision 
against  uplift,  however,  and  the  possibility  of  uplift  certainly  often 
exists.  At  the  site  described  by  the  writer  the  foundation  is  hard, 
sound  rock,  giving  an  opportunity  for  such  a  good  junction  with  the 
bed-rock  as  would  leave  little  chance  of  uplift.  At  this  site  the  only 
practical  advantage  of  a  buttress  over  a  gravity  dam,  therefore,  would 
lye  its  saving  in  cost.  In  another  dam  designed  by  the  writer,  how- 
ever, about  30  ft.  high  and  having  to  pass  floods  of  possibly  15  ft. 
in  depth  over  the  full  length  of  its  crest,  the  foundation  was  a 
rather  soft  serpentine.  In  this  case  the  writer  believes  that  a  buttress 
dam,  with  its  practical  freedom  from  the  possibility  of  uplift,  would 
be,  not  only  much  less  costly  than  a  Wegmann  section,  but  also  much 
safer.  In  this  buttress  design  the  up-stream  face  was  made  sloping, 
6.4  vertical  to  10  horizontal,  with  the  down-stream  ends  of  the  but- 
tresses vertical.  It  was  proposed  to  strengthen  both  the  curtain  and 
the  buttresses  with  expanded  metal  and  rods,  though,  in  the  compu- 
tations for  strength,  no  account  was  taken  of  this  metal. 
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Mr.  Duiyea.  In  the  following  are  given  the  asstunptions  and  formulas  by  which 
were  computed  the  proportions  of  water  pressure  which  could  be 
borne  by  the  arch  action  of  the  structures  shown  in  Figs.  23,  24  and 
25.  The  formulas  were  developed  and  the  computations  made  bv 
C.  B.  Wing,  Assoc.  M.  Am.  Soc.  C.  E.,  who  also  made  the  computations 
and  drawings  for  the  two  buttress  designs  mentioned. 

In  a  masonry  dam,  any  point,  as  J,  Fig.  23,  is  deflected  down 
stream  as  the  water  is  allowed  to  rise  to  the  top.  In  an  arch-type  dam, 
the  displacement  of  the  point,  A,  corresponds  at  the  same  time  to  the 
deflection  of  a  cantilever  beam  of  unit  length  along  the  dam  between 
two  transverse  vertical  sections,  and  to  the  deflection  of  an  arch 
lamina  of  unit  height  of  the  dam  between  two  horizontal  planes.  The 
deflection  as  a  cantilever  beam  is  caused  by  the  bending  moments 
induced  by  that  portion  of  the  water  pressure  carried  by  cantilever 
action,  and  the  deflection  as  an  arch  is  due  to  the  arch  contraction 
caused  by  the  uniform  thrust  induced  by  that  portion  of  the  water 
pressure  borne  by  arch  action.  Such  a  vertical  cantilever  beam  and 
horizontal  arch  lamina  are  shown  by  dotted  lines  in  Fig.  23. 

The  total  water  pressure  on  the  dam  will  be  shared  between  the 
two  systems,  arch  and  cantilever,  directly  in  proportion  to  their 
respective  rigidities,  or  inversely  as  their  deflections.  If,  for  any 
point,  ^,  of  an  assumed  dam  section,  equations  be  developed  (1)  for 
the  deflection  of  the  vertical  cantilever  beam,  and  (2)  of  the  horizontal 
arch  lamina,  in  each  case  in  terms  of  the  total  unit  water  pressure  (or 
weight  per  cubic  foot  of  water),  a  relation  between  the  proportions 
carried  in  each  way  will  be  obtained,  and  the  amount  of  each  propor- 
tion may  be  determined.  The  computations,  at  best,  were  very  com- 
plex and  tedious,  and,  for  simplicity,  the  points.  A,  were  taken  at  the 
centers  only  of  the  corresponding  arch  laminae.  The  method  used 
could  have  been  applied  to  other  points  of  each  arch  lamina,  but  the 
computations  would  have  been  still  more  complex,  and,  for  the  infor- 
mation sought,  it  seemed  unnecessary  to  do  so. 

Assumptions. — The  cantilever  beams  were  assumed  to  be  fixed  in 
direction  at  the  base,  with  planes  before  flexure  still  planes  after 
flexure.  The  arch  laminae  were  assumed  to  be  two-hinged,  or  change- 
able in  direction  at  each  bank.  These  two  assumptions  are  contra- 
dictory, and  both  tend  to  reduce  the  apparent  proportion  of  pressure 
carried  by  arch  action.  They  were  used  for  simplicity,  however,  and 
as  being  sufficiently  exact  for  the  end  sought. 

Nomenclature. — (See  Figs.  26  and  27), 

1.— Vertical  section  through  the  point,  A: 

Let  h  =  height  of  dam  from  base  (below  A)  to  crest; 
b  =  thickness  of  dam  at  base  (below  A), 
X  =  height  from  base  of  dam  to  any  horizontal  section; 
/  =  thickness  of  dam  at  height,  .r  =  \  [h  —  x). 
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Fio.  86. 


2.  — Horizontal  section  through  the  Mr.  Duryea. 
point,  A  : 

Let  8  =  span  of  horizontal 
arch  lamina  before 
being  shortened  by 
pressure; 

r  =  mean  radius  of  hori- 
zontal arch  lamina 
before  being  short- 
ened by  pressure; 

/j  =  chord  of  half  of  hori- 
zontal arch  lamina 
before  pressure  is  ap- 
plied; 

l^  =  chord  of  half  of  hori- 
zontal arch  lamina 
after  pressure  is  applied; 

T  =  thrust  on  horizontal  arch  lamina  due  to  proportion 
of  water  pressure  borne  by  it; 

e  =  total  shortening  of  chord,  ly,  due  to  the  thrust,  T\ 
yi  and  5/2  =  ordinates  corresponding  to  /j  and  L^', 

d  =  1/1  —  1/2  =  deflection  of  the  point,  A, 

3.  — Water  pressures : 

Let  k  =  the  weight  of  a  cubic  foot  of  water  =  62.5  lb. ; 

kg  =  proportion  of  the  unit  weight  of  water  (number  of 

62.5ths)  which  will  be  borne  by  gravity  action; 
ka  =  proportion  of  the  unit  weight  of  water  (number  of 
62.5ths)  which  will  be  borne  by  arch  action. 
4. — Compression  of  masonry: 

Let  E  =  modulus  of  elasticity  of  masonry  =  1  500  000  lb.  per 
sq.  in. 
The  value  of  the 
modulus  of  elasticity 
of  masonry  is  very 
variable  and  uncer- 
tain, and,  therefore,  it 
would  be  much  better, 
theoretically,  to  elimi- 
nate this  quantity 
from  the  final  equa- 
tion. This  was  not 
done,  however,  but  it 
appears  in  both  terms 
of  the  equation,  and  its 
effect,  as  will  be  seen 
later,  is  thus  practi- 
cally eliminated.  Fiq.  87. 
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Mr,  Duryea.  Development  of  Equation, — By  the  ordinary  theory  of  flexure,  the 
defleotion,  d,  of  any  point,  A^  in  a  yertioal  section  of  the  dam  of  unit 
length  (along  the  crest),  acting  as  a  cantilever  beam  and  subjected  to 
that  proportion  of  the  total  water  pressure  'i^hich  can  be  borne  by 
cantilever  action,  will  be  given  by  the  formula, 


rf  = 


b^  E' 


or 


8^,    2 
E  ^ 
for  the  section  under  consideration. 

This  formula  is  derived  as  follows:  While,  theoretically,  the 
formula  may  not  be  exactly  correct,  the  results  obtained  from  it 
must  be  a  very  close  approximation. 


The  differential  equation  of 
the  elastic  curve  is 

d^y  _  M 
dx*~  EV 
where  M  =  moment  of  the  ex- 
ternal forces; 
and       /  =  moment  of  inertia 
of   the    section  of 
beam. 
The    cantilever     beam     is 
formed  of  a  transverse  section 
of   the    dam,   of    unit  length 
(along  the  crest),  and  is  shown, 
with  the  water  pressure  acting 
upon  it,  in  Fig.  28. 

The  moment  of  the  forces 
acting  above  any  section,  x 
linear  units  from  the  bottom,  is 

J,,     {k  —  x)Ic,.         , 
M=^ 2~^  (h'-x) 


Unltlancth 


h  —  X        {h  —  a?)^ 


3 


6 


-*. 


where  k  =  the  weight  of  a  cubic  unit  of  water. 

The  moment  of  inertia  of  the  rectangular  horizontal  section  at 
is 


J.      breadth  x  height^  xi_    i_       ji.i   •         -i. 

/  =  :rgz — ,  or,  as  the  breadth  is  unity, 


12 


/  = 


height' 
~l2 
rh  —  X 


_(-^»0' 


and 


dx'i  ^EI 


12  -12"^^(''""'''^' 

_  12  {k  —  a^)»  k  h^  _^h\k 
~  6  (h  —  xf  6i»  E      \^  E 
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Integrating, 

and  again,  y  =  j^e^  +  (^2  =  % 

and  finally,  as  A  =  2  ftp 

Beplaoing  y  by  the  symbol  for  deflection,  rf,  and  k  by  k^,  the  propor- 
tion of  the  water  pressure  borne  by  cantilever  action,  the  equation 
becomes, 

d  =  —^  0?,  as  given. 

The  deflection  of  the 
horizontal  arch  lamina 
at  the  point,  J,  is  more 
difficult  to  obtain.  An 
approximate  determina- 
tion of  the  deflection  at 
the  center  of  a  flat  arch 
may  be  made  as  follows  : 

Assume  the  deflection, 
</,  to  be  due  to  a  decrease 
in  the  length  of  the 
chord,  /i  (Fig.  27),  the 
length  becoming  l^  after 
the  load  is  applied  ; 

^  =  y\  —  y» 


Mr.  Duryea. 


16.9?<       / 

Umlna  *1 

^1 

T 

«4.1{( 

11.7     / 

« 

i 

88.3 

.0/ 

s 

i 

no 

i 

4 

"0 

T 

W.8 

5.0/' 

5 

4 

05.0 

16.0^^-.. 

« 

S 

KS.O 

M.«        / 

^2 

86.8 

«.«  .'' 

8 

f 

90.1 

/ 

6.2.' 

» 

^2 

03.8 

^'3.1 

10 

^2 

Y 

0f..9 

r»» 

u 

2 

9«.» 

1 

2} 

mi 

Fio.  29. 


let 
then 


•  2r«  +  a*  + 


4 

and,  since  the  arch  lamina  is  of  unit  thickness  vertically, 

T 


fE 


I 


The  thrust  or  compressive  force  in  any  arch  lamina,  x,  will  be 
caused  by  the  water  pressure,  k^  (h  —  ^),  at  that  lamina,  and  will  be 
T=k^(h^x)r. 


Therefore, 


k,  (h  —  X)  r 
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Mr.Duryea.  ^^^  ,  _  ,  /  ,        K(h-x)r 


let 

then  l^  =  /|  c. 


^2 


-sj^'--:-sl^--^-'>'- 


The  point,  ^,  is  a  material  point  and  can  have  but  a  single  deflec- 
tion at  any  one  time.  The  deflection  in  the  arch  lamina  at  this  point, 
therefore,  mnst  necessarily  be  the  same  as  that  in  the  cantilever 
beam.     Then, 

<^  =  yi  —  y2  =  -^^  ^ 

and  snbstitnting  values  of  i/i  and  t/^. 

Substituting  in  this  equation  the  values  of  a  and  c,  and  replacing 
k^  by  its  equivalent,  (k  —  k^),  or  (62.5  —  kj,  the  equation  is  as 
follows: 


-4--<- 


_J[^_.,j._4^(._4)^4] 


-b-'--^^]'--: 


_  8(62.B-k„), 


which  gives,  after  simplification,  as  the  final  equation. 


k.  (h  —  x)Y       «' 


500  — 8  A:^    2 


""         E 

After  the  selection  of  any  particular  arch  lamina,  the  only  unknown 
quantity  in  this  equation  is  A;^,  or  the  number  of  pounds  per  cubic 
foot  of  water  which  can  be  borne  by  arch  action. 

The  solution  of  this  equation  involved  a  great  amount  of  labor,  as 
seven-place  logarithmic  tables  were  not  sufficiently  accurate  to  give 
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correct  results,  and  it  was  found  necessary  to  make  the  computations  Mr.  Duryea. 
by  ordinary  multiplication.  The  proportions  borne  by  arch  action 
were  computed  laboriously  by  this  method  for  three  arch  laminse,  the 
data  and  results  being  given  in  Table  8.  An  extended  investigation* 
of  arch  dams  then  came  to  the  writer's  attention,  and,  by  a  formula 
for  arch  deflection  found  therein,  the  proportions  borne  by  arch 
action,  in  the  cases  of  the  three  laminae  already  investigated  and  in 
eight  others,  were  computed  in  a  few  hours. 

TABLE  No.  8.— Data  and  RBSuiyrs. 


Numbers  of 
arch 

Data,  in  Fbbt. 

BESULTS,  in  68.6THB,  AND  IN 

Pkrckntaqu. 

lamiiuB. 

r     1 

8 

h            X     ^ 

b 

/ 

*« 

k 

kg 

1 

196    1 

194    , 

191.5, 

189 

186.5 

184    , 

181.5 

179 

176.5 

174    1 

171.5 

809 
875 
841 
198 
146 
96 
67 
58 
44 
84 
86 

74       60    ' 
74  1    60    1 
74       40    1 
79       85 
84       80    , 
119       55    ' 
186       62 
126       48    1 
186       88 
186       88 
186       18 

87 

87 

87 

89.5 

48 

58.5 

68 

68 

68 

68 

68 

10 
18 
17 
88 
87 
88 
87 
48 
47 
68 
67 

0.96  =  15.9.V 
•7.84=  11.7 
5.00=   8.0 
4.00==  6.4 
8.1    =   5.0 
9.4   =15.0 
♦8.9   =14.8 

6.8  =   9.9 

8.9  =   6.8 
1.96=   8.1 

•0.67=    1.1 

62.5  =  100\ 

*t           it 

»•           ii 

84.1^ 

2 

88.8 

8 

98.0 

4 

98  6 

5 

95.0 

6 

85  0 

7 

86.8 

8 

90.1 

9 

98.8 

10 

96  9 

11 

96.9 

•  By  the  longer  method,  k^  =  7.4,  8.8  and  0.06  for  LamineB  Nos.  8, 7aDd  11,  respectively. 


The  formula  in  question  may  be  found  on  page  82  of  Tischer  and 
Wagoner's  paper,  and  is  as  follows: 

in  which 

e  =  the  total  shortening  under  the  arch  pressure  of  half  the 

arch  lamina; 
d  =  the  deflection  of  the  center  point  of  the  arch  lamina; 
V  =  one-quarter  of  the  total  angle  (in  terms  of  the  radius)  sub- 
tended by  the  arch  lamina. 
From  the  theory  of  compression  of  elastic  bodies, 

/B  JB 

where  the  vertical  thickness  of  the  arch  lamina  is  unity  and  the 
nomenclature  is  as  before,  except  that  /  now  represents  the  half 
length  of  the  arch  lamina  instead  of  the  length  of  the  half  chord. 
For  the  profile  being  investigated, 

and  e=z     g- 1- 

•Tischer  and  Wagoner,  ''On  the  Strains  in  Curved  Masonry  Dams,''  Tran8cu:tion8^ 
Tech.  Soc.  Pacific  Coast,  Vol.  VI,  Dec,  1889,  pp.  75-151. 


h 
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Therefore,  </  =   ^-  =  -^^  /; 

but  2  Fr  =  4  or  F=  2^. 

Therefore,         d  =  -^  /  =  — ^    /  =  — ^  , 

as  an  expression  for  the  deflection  of  the  center  point  of  an  arch 
lamina. 

As  before,  the  deflection  of  the  same  point,  in  terms  of  the  deflection 
of  a  vertical  cantilerer  beam,  is 

The  deflection  of  the  arch  lamina  and  that  of  the  cantilever  beam 
mast  be  the  same. 

Therefore,  ~E~"^ E ' 

and  Jt;,  r*  =  (125  —  2  k„)  j:*  =  125  a:*  —  2  .r*  k„, 

A:„(r*  +  2^=125a:*, 

and,  finally,  ^^=^^f^^' 

By  this  formula  the  proportion  of  the  total  irater  pressure  carried 
by  arch  action  was  compnted  for  eleven  arch  laminae,  and  the  results 
obtained  are  given  in  Table  No.  8.  The  close  correspondence  between 
the  values  as  computed  by  the  two  methods  is  notable,  and  seems  to 
be  a  check,  not  only  on  the  correctness  of  the  methods  and  computa- 
tions, but  also  to  show  that  the  choice  (in  connection  with  the  longer 
method)  of  a  value  for  the  modulus  of  elasticity  of  masonry  has  but  a 
small  effect  on  the  resulting  computed  proportion  of  arch  action. 

The  method  of  Messrs.  Yischer  and  Wagoner,  of  course,  is  much 
to  be  preferred,  both  theoretically  and  practically.  Their  valuable 
study  of  arch  dams  seems  to  be  too  little  known  to  the  profession. 
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Fourth  of  July,  ThanksgiTlng  Day  and  Christmas  Day. 

UorsB  OF  THB  SoGEBTT~220  Wbbt  Fott-sstsnth  Stbebt,  Nkw  Yobs. 

Telephone  Number,  -      •      588  Columbus. 

Cable  Address,       -       -      .       .    '^Ceas,  New  York." 
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MINUTES  OF  MEETINGS. 
OF  THE  SOCIETY. 


September  7th,  1904.— The  meeting  was  called  to  order  at  8.45 
p.  M-;  C.  C.  Schneider,  M.  Am.  80c.  C.  E.,  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  96  members  and  21  guests. 

The  minutes  of  the  meeting  of  June  Ist,  1904,  were  approved  as 
printed  in  the  Proceedings  for  August,  1904. 

A  paper,  entitled  ''  The  Installation  of  a  Pneumatic  Pumping 
Plant,"  by  Arthur  H.  Diamant,  Jun.  Am.  Soc.  C.  E.,  was  presented 
by  the  author.  A  written  communication  from  Elmo  G.  Harris,  M. 
Am.  Soc.  C.  E.,  was  presented  by  the  Secretary,  and  the  subject 
was  diBcussed  by  Edward  Wegmann,  M.  Am.  Soc.  C.  E.,  who  illus- 
trated his  remarks  with  lantern  slides. 
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A  seoond  paper,  entitled  "Some  Notes  on  the  Creeping  of  Bails/' 
hj  Samnel  ToUu  Wagner,  M.  Am.  Soc.  C.  E.,  was  presented  hy  the 
author.  Written  discossions  on  this  paper,  by  Messrs.  GnstST 
lindenthai,  W.  M.  Gamp,  F.  S.  Stevens,  Honter  McDonald  and  P.  H. 
Dudley,  were  presented  by  the  Secretary. 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  MmrBKitfL 

Fbed  WaiiTRB  Abbott,  Philadelphia,  Pa. 
AiiBKBT  MoBBnx  Blodobtt,  Kansas  City,  Mo. 
Samuel  DukiiAP  Bbabt,  Parkersbnrg,  W.  Ya. 
David  Coe,  Bincon  Antonio.  Oaxaca,  Mexico. 
Fbkdkbick  BsancAiJ)  Fbbnch,  Santa  Barbara,  Cal. 
Habbt  f^uiiiiKB,  Cleveland,  Ohio. 
CiiABENce  Thomas  Johhston,  Cheyenne,  Wyo. 
Ebnbst  W11.I1IAM  Mont,  London,  England. 
Paul  N  Nunn,  Niagara  Falls,  N.  Y. 
Cabl  Beduch,  Vienna,  Austria. 
Wallace  Berkley  Bibo^ieb,  Philadelphia,  Pa. 
Gleniv  Mason  Soofield,  Philadelphia,  Pa. 

As  Associate  Mrmbeba. 

Geoboe  Henbt  Bliss,  North  Yakima,  Wash. 
Gboboe  William  Booth,  Weston,  Mass. 
Shebmak  Wobcesteb  Bowen,  St.  Loais,  Mo. 
Benjamin  Thomas  Buffinton,  Fall  Biver,  Mass. 
Edwabd  Smith  Cole,  Upper  Montclair,  N.  J. 
Guy  Whttmobe  Culqin,  New  York  City. 
BoBEBT  Hawxhubst,  Jr.,  Hilo,  Hawaii. 
John  Augustus  HniiiWB,  Cincinnati,  Ohio. 
Ebnbst  Aveby  Lamb,  Albany,  N.  Y. 
Thomas  Monahan  Lavelle,  Ambridge,  Pa. 
Geoboe  Fbedebick  Lovett,  Berlin,  N.  H. 
BoBEBT  Austen  McCulloch,  New  York  City. 
Habby  Shebwood  Boyden  McCubdy,  Boston,  Mass. 
Henby  Gobton  Opdyckk,  New  York  City. 
Walteb  Woodbuby  Patch,  South  Framingham,  Mass. 
Clabbnce  Habd  Thompson,  Syracuse,  N.  Y. 
CoNSTANTiNE  BoBissoN  YoYNOW,  Philadelphia,  Pa. 
Pabley  Lycubous  Williams,  Jr.,  Bingham,  Utah. 

As  Associate. 
John  Alexandbb  Dailey,  Topeka,  Kans. 


Aflain.]  MIKUTB8  OF  MBBTIN08.  309 

The  Secretary  made  the  following  annonncements : 
The  transfer  of  the  following  candidates,  by  the  Board  of  Direc- 
tion, on  September  6th,  1904: 

Fbom  Associate  Membeb  to  Membjbr. 

ChabtiKb  Ames  AiiDen,  Steelton,  Pa. 
WiLUAM  Andbbw  Allen,  New  York  City. 
James  Henbt  Bbaob,  New  York  City. 
John  Thompson  Eastwood,  New  Orleans,  La. 
BuTQEB  BijEEOKEB  Gbben,  Detroit,  Mich. 
Van  Alen  Habbis,  San  Juan,  Porto  Bico. 
BoBEBT  Hoffmann,  Cleveland,  Ohio. 
AliiAn  Afplbton  Bobbins,  New  York  City. 
OsoAB  Emui  Stbkhlow,  Sonth  Bend,  Ind. 

The  election  of  the  following  candidates,  by  the  Board  of  Direction, 
on  September  6th,  1904: 

As  Jttniobs. 

Nathaniel  Townsend  BiiAokbvbn,  Oalveston,  Tex. 
Chables  TabbeiiL  Dudley,  San  Francisco,  Cal. 
Abthub  Bobbbt  Eitzen,  Columbia,  Mo. 
Henbt  Hetwood  Fox,  Cambridge,  Mass. 
BoBEBT  Elliot  Hall,  Anbnm,  N.  Y. 
John  Hawkbswobth,  New  York  City. 
Fbazbb  Cboswell  Hildeb,  Washington,  D.  C. 
Clement  John  Howard,  Galveston,  Tex. 
Jacob  Bacon  Htttghinos,  Jr.,  Lonisville,  Ey. 
LuTHEB  Elman  Johnson,  Lawton,  Okla. 
GusTAYE  Edmund  Kahn,  Milwaukee,  Wis. 
Fbank- Cecil  Magbudeb,  Belle  Fonrche,  S.  Dak. 
Fbank  Leslie  Wilcox,  St.  Louis,  Mo. 

The  Secretary  announced  the  following  deaths: 

Gboboe  CuBns  Tinolet,  elected  Member,  September  6th,  1871;  died 
April  30th,  1904. 

Thomas  MoKeown,  elected  Member,  December  3d,  1879;  died  June 
7th,  1904. 

BiCHABD  Calyin  McCalla,  elected  Junior,  July  2d,  1890;  Associate 
Member,  September  2d,  1891;  Member,  December  6th,  1894;  died  June 
13th,  1904. 

Alonzo  J.  TuLLOCK,  clcctcd  Member,  June  6th,  1863;  died  July 
21st,  1904. 

Joseph  Nobton  Gbbbne,  elected  Member,  October  5th,  1887;  died 
August  10th,  1901. 
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Geoboe  Ouin'ON  Gardneh,  elected  Member,  November  3d,  1875; 
died  August  12th,  1904. 

Fbttz  Cakl  Anders  Geobo  Bebqemgben,  elected  Associate  Member, 
December  2d,  1896;  died  August  8th,  1904. 

The  Secretary  announced  the  details  of  the  entertainment  of  the 
visiting  Members  of  the  Institution  of  Civil  Engineers  to  be  held  from 
September  13th  to  16th,  1904. 

Adjourned. 

September  aist,  I904.— The  meeting  was  called  to  order  at  8.40 
p.  M.,  George  H.  Fegram,  Director,  in  the  chair;  Chas.  Warren  Hunt, 
Secretary,  and  present,  also,  135  members  and  46  guests. 

Three  papers  were  presented  for  discussion:  The  first,  entitled 
''  General  Methods  for  the  Calculation  of  Statically  Indeterminate 
Bridges,  as  used  in  the  Check  Calculations  of  Designs  for  the  Manhat- 
tan  Bridge  and  the  Black  well's  Island  Bridge,  New  York,"  by  Frank 
H.  Cilley,  S.  B.,  was  presented  by  the  author.  The  second  paper, 
entitled  **  Theory  and  Formulas  for  the  Analytical  Computation  of  a 
Three-Span  Suspension  Bridge  with  Braced  Cable,"  by  Leon  S.  Mois- 
seiff,  Assoc.  M.  Am.  Soc.  C.  £.,  was  presented  by  the  author,  and  a 
written  discussion  by  I.  P.  Church,  Assoc.  Am.  Soc.  C.  £. ,  was  read 
by  title  by  the  Secretary.  The  third  paper,  entitled  ''A  Rational 
Form  of  Stiffened  Suspension  Bridge,"  by  Gustav  Lindenthal,  M. 
Am.  Soc.  C.  £.,  was  presented  by  the  author,  and  was  discussed  by 
Messrs.  W.  Hildenbrand,  Joseph  Mayer,  R.  S.  Buck,  W.  W.  Crehore 
and  Gustav  Lindenthal. 

The  Secretary  announced  the  following  deaths: 

Standish  Babbt  Bubton,  elected  Member,  June  1st,  1898;  died 
August  13th,  1904. 

Reuben  Shibbeffs,  elected  Member,  June  4th,  1890;  died  August 
31st,  1904. 

WiiiiiiAM  Abthub  Pbatt,  elected  Member,  December  4th,  1895;  died 
September  19th,  1904. 

Adjourned. 
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OP  THE  BOARD  OF  DIRBCTION. 

(Abstract.) 

September  6th»  1904.~8.4O  p.  m.— Yioe-President  Deyo  in  the 
chair;  Ghas.  Warren  Hnnt,  Secretary*  and  present,  also,  Messrs. 
Back,  Graven,  Groes,  Ellis,  Gowen,  N.  P.  Lewis,  Noble,  Osgood  and 
Pegram. 

Bontine  business  only  was  considered. 

Seventy-six  applications  for  admission  were  considered  and  acted 
upon. 

Nine  Associate  Members  were  transferred  to  the  grade  of  Member. 

Six  applications  for  transfer  to  a  higher  grade  were  declined. 

Thirteen  candidates  for  Jnnior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays*  Fourth  of  July,  Tiwnlcsgiving  Day  and 
Christmas  Day. 

MBETlNaS. 

Wednesday,  October  19th,  1904.— At  this  meeting  a  paper  by  C.  G. 
Schneider,  M.  Am.  Soc.  C.  £.,  entitled  ''The  Stmctnral  Design  of 
Buildings  "  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings, 

INTERNATIONAL  ENGINEERINQ  CONGRESS 

AND 

THIRTY-SIXTH  ANNUAL  CONVENTION  OF  THE  SOCIETY. 

As  previously  announced,  in  the  Programme  of  the  International 
Engineering  Congress,  which  has  been  issued  to  all  members  of  the 
Society,  there  will  be  meetings  of  the  Congress  at  10  a.  m.  each  day, 
beginning  Monday,  October  3d,  and  continuing  throughout  the  week, 
the  last  meeting  of  the  Congress  being  held  on  Saturday  morning, 
October  8th.  Members  of  the  Society  in  all  grades  are  Members  of 
the  Congress. 

The  Thirty-Sixth  Annual  Convention  of  the  Society  will  be  held 
on  the  afternoon  of  Monday,  October  Sd,  in  the  Hall  of  Congresses, 
Louisiana  Purchase  Exposition,  at  2.30  p.  m.  At  this  meeting  the 
President  will  deliver  the  Annual  Address.  At  the  close  of  the  ad- 
dress of  the  President,  the  business  meeting  required  by  the  Constitu- 
tion will  be  held.  A  meeting  of  the  Board  of  Direction,  as  required 
by  the  Constitution,  will  be  held  at  a  time  to  be  subsequently  deter- 
mined. 

A  circular,  relating  to  hotel  accommodations,  which  was  prepared 
by  the  Local  Committee  of  the  Society  in  St.  Louis,  has  been  issued 
to  all  members,  and  in  this  the  *' Inside  Inn"  was  recommended  as, 
all  things  considered,  the  most  available  for  members  and  their 
families. 

In  this  circular  it  is  explained  that  it  is  impossible  to  secure  a 
lower  rate  for  transportation  than  the  Exposition  excursion  rate  estab- 
lished by  all  railroads,  this  rate  being  less  than  the  usual,  one  fare  and 
one-third,  round  trip,  convention  rate. 

To  all  members  of  the  Society  who  have,  in  response  to  the  circu- 
lar already  issued,  specified  the  subjects  it  is  their  purpose  to  discuss, 
copies  of  such  of  the  papers  as  have  been  printed  in  advance  form 
have  already  been  forwarded,  and,  upon  request,  the  Secretary  wiD  be 
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glad  to  forward  snoh  copies  to  memberB  who  have  not  already  asked 
for  them. 

Owing  to  the  large  number  of  papers,  which  coyer  many  subjects, 
it  will  be  impossible  to  forward  Advance  Copies  of  all  papers  to  all 
members  of  the  Congress,  and  it  has  been  necessary  to  restrict  the 
issue  of  Advance  Copies  to  those  who  expect  to  present  discussions 
either  in  person  at  the  Congress  or  by  letter. 


INTERNATIONAL    BNQINEERINQ    CONGRESS. 
CHAIRMAN: 

Chaklbs  HKRifANY,  President,  Am.  Soc.  C.  E. 


CHAIRMEN  OF  SECTIONS: 
Section  A.— Waterways. 

AijFBED  NoBiiE,  Past-President,  Am.  Soc.  C.  E. 

Section  B. — Municipal. 

J.  Jambs  B.  Cbobs,  Past-President,  Am.  Soc.  C.  E. 

Section  C— Railroads. 

Bobbbt  Moobe,  Past-President,  Am.  Soc.  C.  E. 

Section  D. -Materials  of  Construction. 

Fbedebic  p.  Steabns,  M.  Am.  Soc.  C.  E. 

Section  E.— Mechanical. 

WiiiiiiAM  MetcaIjF,  Past-President,  Am.  Soc.  0.  E. 

Section  F.— Electrical. 

Fbank  J.  Spbaoue,  M.  Am.  Soc.  C.  E. 

Section  Q.— Military  and  Naval. 

William  P.  Craiohill,  Brig.-Gen.  U.  S.  A.  (retired); 
Past-President,  Am.  Soc.  C.  E. 

Section  H.— Miscellaneous. 

OcTAVK  Chanijtb,  Past-Presidcnt,  Am.  Soc.  C.  E. 


SECRETARY: 

Chaslbs  Wabrbn  Hunt,  Secretary t  Am.  Soc.  G.  E. 
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COMMITTBE  IN  CHARGE  OP  BNQINEERINO  CONGRESS. 

Henbt  S.  Hainsb,  Chairman,  Detroit,  Mich. 

li.  F.  G.  BousoABKN,  Vice-Chairman,  Cincinnati,  Ohio. 

Ghabi<B8  Wabben  Humt,  Secretary,  New  York  Gitj. 

Joseph  M.  Knap,  Treasurer,  New  York  City. 

WniUAM  MbtcaiiF,  Benjamin  M.  Habbod, 

Pittsburg,  Pa.  New  Orleans,  La, 

William  P  Cbaiohill,  Geobge  W.  Melyille, 

Charleston,  W.  Ya.  Philadelphia,  Pa. 

M.  T.  Endioott,  Elmeb  L.  Cobthell, 

Washington,  D.  C.  New  York. 

J08EPH  Bamset,  Jr.,  Httnteb  McDonald, 

St.  Lonis,  Mo.  Nashville,  Tenn. 

Bobebt  W.  Hunt,  Pauceb  C.  Bicketts, 

Chicago,  Dl.  Troy,  N.  Y. 

L.  B.  SnLLWELL,  M.  L.  Holman, 

New  York.  St.  Lonis,  Mo. 

Geoboe  B.  Post,  Alfbed  Cbaybn, 

New  York.  New  York. 

Joseph  O.  Osgood,  Geobge  H.  Peobam, 

Jersey  City,  N.  J.  New  York. 

Geobge  S.  Dayibon,  Pittsburg,  Pa. 

COMMITTEE  OP  ARRANGEMENTS  FOR  THE  ANNUAL 
CONVENTION. 

Geobge  H.  Pegbam,  Chairman; 
Alfbed  Cbaten,  Geobge  S.  Dayison, 

Joseph  O.  Osgood,  Hunteb  McDonaiiD, 

Chas.  Wabben  Hunt,  Secretary. 

UNIVERSAL  EXPOSITION,  ST.  LOUIS,  1904. 

The  Society  has  undertaken  to  provide  for  an  eugineering  exhibit, 
and  the  establishment  of  Headquarters  for  visiting  engineers  In  tbe 
center  of  the  Liberal  Arts  BulldlnEf  and  the  Board  of  Direction  has 
appropriated  sufficient  funds  to  defray  the  necessary  expense. 

This  matter  is  in  the  hands  of  the  following  Committee: 

Bobebt  Moobe,  M.  Am.  Soc.  C.  E.,  St.  Louis,  Mo.,  Chairman. 

Edwabd  C.  Cabteb,  M.  Am.  Soc.  C.  £. ,  Chicago,  111. 

Mobdeoai  T.  Endioott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C. 

James  L.  Fbazieb,  ''  *'  Frankfort,  Ind. 

WniLiAM  Jackson,  *<  '<  Boston,  Mass. 

Emtl  Kuiohling,  **  **  New  York,  N.  Y. 

J.  L.  Van  Obnctm,  *♦  **  St.  Louis,  Mo. 

JohnF.  Wallace,  **  **  Chicago,  HL 

O.  E.  Mogensen,  Secfy,  **  **  St.  Louis,  Mo. 
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PRIVILEQES  OF  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OP  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Engineers  will  welcome  any  member 
of  the  American  Society  of  Ci-vil  Engineers  at  its  library  and  reading 
room,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days  from 
9  A.  M.  to  5  p.  li.  Members  will  also  be  welcome  at  the  meetings 
which  are  held  in  the  same  bnilding  on  the  evenings  of  the  fourth 
Wednesday  in  January,  and  the  third  Wednesdays  of  other  months, 
except  July  and  August. 

The  rooms  of  the  St.  Louis  Engineers'  Clubt  in  the  business  center 
of  St.  Louis,  will  be  kept  open  during  the  World's  Fair  season,  May 
1st  to  December  1st,  1904,  and  visiting  engineers  are  cordially  invited 
to  use  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  the  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Civil  En- 
gineers. The  rooms  of  the  Society,  410  Penn  Ave.,  Pittsburg,  Pa., 
are  open  at  all  times,  and  meetings  are  held  as  follows,  except  during 
July  and  August.  Begulab  Section,  Third  Tuesdays;  Chbhicaij 
Section,  Thursdays  following  third  Tuesdays;  Meghanicaij  Section, 
first  Tuesdays;  STBUCTUBAii  Section,  Fourth  Tuesdays. 

The  Western  Society  of  En^ineerSt  Monadnock  Block,  Chicago, 
111.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  with  the  good  offices  of  its  Secretary  and  of  a 
special  committee  appointed  for  that  purpose. 

The  Civil  Engineers'  Club  of  Cleveland,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  wi]l  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 


SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar 
-with  the  Library. 
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Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it  is 
only  necessary  to  make  a  typewritten  copy,  which  rednces  the  cost  of 
searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  inyolv- 
ing  search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  Angnst  7th  to  September  13th,  1904. 
DONATIONS.* 
TYPES  AND  DETAILS  OP  BRIDGE  CONSTRUCTION. 

By  Frank  W.  Skinner,  M.  Am.  Soc.  C.  E.     Cloth,  9  x  7  in.,  6  +  294 

pp.     New  York,  McGraw  Publishing  Company,  1^04. 

The  author  states  that  it  Is  his  purpose  to  present  the  deTelopiuent  of  advanced 
practice,  in  bridge  construction,  and  its  standard  details,  to  illustrate  the  classes  of 
structures  adapted  to  diiferent  conditions,  show  some  of  the  characteristic  diiferenoes 
between  American  and  foreign,  desien  and  illustrate  some  prunlt^ve  or  obsolete  con- 
structions, recording  important  ana  well-known  examples.  The  bridges  have  been 
arranged  in  order  and  grouped  in  classes,  and  the  descriptions  are  in  most  cases  supple- 
mented by  specific  references  to  any  more  extended  articles  which  have  been  publisned 
about  them  In  technical  Journals  or  professional  papers,  and  may  be  consulted  in 
libraries  for  additional  data  in  special  cases.  The  book  is  divided  into  four  parts:  Fart 
1,  Wood  and  Iron  Arch  Spans;  Part  II,  Spandrel  Braced  Arches;  Part  III,  Arch  Trusses; 
and  Part  IV,  Plate  Girder  Arches.  It  has  an  alphabetical  index  of  bridges,  and  a  olassi- 
fled  index  of  bridge  details;  both  indexes  are  included  in  four  pages. 

BROWN'S  DIRECTORY  OP  AMERICAN  OAS  COMPANIES. 

Gas  Statistics,  1904.  Compiled  and  corrected  by  E.  C.  Brown. 
Cloth,  10x7  in.,  272  pp.  New  York,  Press  of  the  Progressive  Age, 
1904.     95.00. 

This  book  is  published  annually,  and  contains  statistics  of  gas  companies  in  the 
United  States.  Canada  and  South  America,  and  of  electrical  companies  where  they  are 
operated  under  the  same  name  as  the  gas  companies.  Acetylene  and  gasolene  gas 
plants  are  included,  and  also  a  list  of  parent  or  operating  companies.  There  is  a  list  of 
officers  and  members  of  the  gas  associations  in  the  United  Htates,  an  analysis  of  British 
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gan  accounts  for  1902-08,  and  a  bibliography  for  gas  men,  divided  by  subject.     The  ar- 
rangement of  the  whole  book  is  alphabetical ,  but  it  also  has  a  one-  page  index  of  contents. 

TRANSPORTATION  BY  RAIL. 

An  Analysis  of  the  Maintenance  and  Operation  of  Bailroads,  Show- 
ing the  Character  and  Cost  of  the  Service  Performed  by  Railway 
Companies  in  the  Maintenance  of  Highways  for  Commerce,  and  as 
Common  Carriers  of  Passengers,  Freight  and  the  United  States  Mails 
over  snch  Highways.  By  T.  M.  R.  Talcott.  Cloth,  8  x  7  in.,  84  pp. 
Richmond,  Va.,  Whittet  and  Shepperson,  1904.  (Donated  by  the 
author.) 

The  preface  states  that  the  statistics  given  in  this  book  are  based  on  the  many  years* 
experience  of  the  author  in  the  construction,  maintenance  and  operation  of  railways. 


the  cost  of  maintenance  and  operation.  Tnis  method  of  analysis  was  applied  to  a  num- 
ber of  Southern  roads  for  periods  of  from  three  to  ten  years,  and  the  units  of  cost  ascer- 
tained differed  somewhat  for  the  same  service,  according  to  conditions  on  different  roads, 
such  as  standards  of  construction  and  eaulpment,  yarying  rates  of  pay  for  employees 
And  diversity  in  the  cost  of  materials  ana  supplies.    The  road  selected  as  an  illustration 


seemed  to  represent  the  average  of  Southern  roads  of  the  same  general  standard. 
The  statement  Is  made  that  the  present  method  of  accounting,  as  established  by 
the  Interstate  Ck>mmerce  Commission,  does  not  admit  of  the  application  of  this  method 


of  analyzing  operating  expenses,  and  therefore  the  present  cost  of  service  cannot  be 
accurately  given;  but  the  general  managers  who  wish  to  know  the  exact  cost  of  each 
unit  of  service  on  their  roads  may  have  their  accounts  kept  so  as  to  admit  of  this 
method  of  analysis. 

•CHART  METHOD  OF  REDUCING  POLARIS  OBSERVATIONS. 

By  Clark  Brown.  Cloth,  14  x  14  in.,  5  pp.  Albany,  Published  by 
the  Author,  1904.  Paper,  «1.00;  cloth,  $1.50.  (Donated  by  the 
Author.) 

The  author  states  that,  having  found  computations  bv  the  usual  methods  tedious 
when  the  observations  were  made  at  convenient  times  in  the  early  evening,  he  has  been 
led  to  devise  a  Chart  Method  for  making  the  reductions.  In  preparing  this  method  for 
frablicatlon  it  was  thought  best  to  accompany  it  with  a  table  of  toe  time  of  the  culmina- 
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tlon  of  Polaris,  on  a  new  plan,  and  also  with  a  set  of  simple  directions  for  malrtng  the 
observations.  The  table  and  chart  are  prepared  from  data  found  in  the  United  States 
OoTemment  publications^  and.  while  not  of  sufficient  refinement  for  use  in  extensive 
geodetic  surreys  upon  which  tne  larger  theodolites  are  used,  the  author  believes  them 
to  be  as  accurate  as  will  be  required  for  use  with  the  engineer's  transit,  the  probable 
eiTor  of  the  azimuth  line  being  less  than  the  probable  error  in  the  measurement  of  so 
angle. 

THE  INDUSTRIAL  AND  ARTISTIC  TECNNOLOOY  OP  PAINT  AND  VARNISH. 

By  Alyah  Horton  Sabin.  Cloth,  9  x  6  in.,  6  +  372  pp.,  illns.  New 
Tork,  John  Wiley  and  Sons;  London,  Chapman  and  Hall,  Limited, 
1904.     83.00. 

The  writer  says  that  it  is  his  aim  to  give  a  correct  general  outline  of  the  subject  of 
Faints  and  Varnishes,  with  a  brief  account  of  their  modem  use  and  of  the  principles 
which  are  involved  in  their  fabrication  and  application.  It  is  also  stated  that  many  of 
the  facts  herein  noted,  though  old,  are  practically  unknown,  and  some  of  them  ezaictly 
anticipate  recently  patented  processes:  their  value  to  the  public  in  that  way  is  suffi- 
cient excuse  for  their  republication.  Scarcely  any  patents  in  this  hue  are  of  any  value 
or  validity;  and  the  '*  secret  processes  ^^  which  are  continually  vended  are  for  the  most 
part  neither  secret  nor  new.  The  only  trade  secrets  lie  in  the  incommunicable  intimate 
kn->wledge  of  the  expert,  and  are  made  valuable  only  by  his  unceasing  care,  vigilance 
and  conscientiousness.  Theories,  however,  may  be  made  known,  and  the  attention  of  the 
student  may  be  intelligently  directed  to  their  application.  The  book  contains  an  alpha- 
betical index  of  eight  psges. 


Gifts  have  also  been  received  from  the  following: 


Aachen  Tech.  Hochschule.    8  pam. 
Abner  Doble  Co.    1  pam. 
Am.  Soc.  of  Mech.  Engrs.    1  pam. 
Bell,  George  Joseph.    1  bound  vol. 
Borxovsxi,  J.  Th.    1  vol.,  1  map,  1  bound 

vol. 
Bradley,  C.  W.    1  vol 
Brit.  Fire  Prevention  Committee.  8  pam. 
Buffalo,  Rochester  &  Pittsburgh  Ry.  Co. 

1  pam. 
Cal.  A^.  of  Sci.    1vol. 
Canadian  Inst     1  vol. 
(3astanheira  das  Neves,  J.  da  P.    1  pam. 
Central  of  Georgia  Ry.  Co.    1  pam. 
Chicago  Terminal  Transfer  E.  R.  Co.    1 


Comitato  ''  Pro  Roma  Maritima.''  2  pam. 

Comstock,  C.  W.    1  pam. 

Cuba— Secretario  de  Obras  Publicas.     4 

vol. 
Denver  &  Rio  Grande  R.  R.  Co.    1  pam. 
Fisk,  W.  L.    1  pam.,  2  maps. 
Floesch,  J.  M.    1  pam. 
Gila  Valley  Globe  and  Northern  Ry.  Co. 

1  pam. 
Glasgow  &  South-Westem  Ry.  Co.  1  para. 
Gould,  E.  8.    1  vol. 
Great  Britain— Patent  Office.    7  vol.,  11 

pam. 
Hannover  KOnigliche  Tech.  Hochschule. 

1vol. 
Haverhill,  Mass.— City  Engr.    1  pam. 
India— Pub.  Works  Dept.  Rys.    f  vol. 
Inst,  of  Civ.  Engrs.    8  bound  vol. 
Inst,  of  Civ.  Engrs.  of  Ireland.    1  vol. 
Inst,  of  Min.  and  Metallurgy.     2  bound 

vol. 
Iowa— R.  R.  Commrs.    1  bd.  vol. 
Iron  and  Steel  Inst.    8  bound  vol.,  1  pam. 
Jackson,  Granberry.    1  nam. 
Jour,  or  the  Royal  United  Service  Inst. 

4  nos. 
KOmglfche  Tech.  Hochschule  zu  Berlin. 

1  pam. 
Limbeck,  Zdenko  Ritter  von.    1  pam. 


Liverpool  Eng.  Soc.    1  vol. 

McGillUniv.    1  bound  vol. 

McGraw  Pub.  Co.    1  vol. 

Manchester  Assoc,   of  Engrs.     1  bound 

vol. 
Met.  Board  of  Water  Supply.    1  pam. 
Mich.  Coll.  of  Mines.    4  pam. 
Midland  Ry.  Co.    1  pam. 
New    EnflTland    Cotton    Mfgrs.    Assoc.   1 

bound  vol. 
New   England  Water   Works  Assoc.    I 

vol. 
New  South  Wales— Govt.  Statisiicisa.   I 

bound  vol. 
New  York,  Ontario  &  Western  Ry.  Co.   1 

pam. 
North.  B.  P.    1  pam. 
Northampton,     Mass.— City     Clerk.     1 

bound  vol. 
Patschke,  A.    1  pam. 
Peabod y  Coal  Co.    t  pam. 
Pharr,  H.  N.    2pam. 
Royal  Soc.  of  Canada.     1  bound  vol. 
Smith,  J.  A.    1  pam. 
Soc.  Beige  des  Ingenieurs  et  des  Indu»- 

trielB.    8  pam. 
Toronto,  Ont.— City  Engr.    1  bound  vol. 
Tyrrell,  H.  G.    1  pam. 
if.  8.  Bureau  of  Conmierce  &  Labor.   1 

vol. 
U.  S.  Bureau  of  Forest  ry.    7  pamn. 
U.  S.  Bureau  of  Statistics.    1  voL,  1  pam. 
U.  8.— Director  of  the  Mint.     14  bound 

vol ,  5  vol.,  2  pam. 
U.  S.  Div.  of  Foreign  Markets.    1  voL,  i 

pam  . 
U.  S.  Office  of  Exper.  Station.    S  pam. 
U.  8.  War  Dept.    14  specif. 
United  Water  Imovt.  Co.    1  pam. 
Univ.  of  III.    1  vol. 
Univ.  of  Wis.    1  pam. 
West  Va.  Geol.  Surv.    1  bound  vol. 
Western  N.  Y.  Car  Service  Assoc.   1  pem. 
Western  Soc.  of  Engrs.    1  pam. 
Wobum,  Mass.— City  Clerk.    1  bound  vol- 
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BY    PURCHASE. 

A  Treatise  on  Surveying.  Comprising  the  Theory  and  the  Prac- 
tice. Part  II  Higher  Snrveying.  By  William  M.  Gillespie.  Keyised 
and  enlarged  by  Oady  Staley.  New  York,  D.  Appleton  &  Company, 
1902. 

Die  Vasabundierenden  Strome  Elelctriacher  Balinen.  By  Dr.  Carl 
Michalke.  (Elektrotechnik  in  Einzeldarstellnngen,  Part  lY.  Edited 
bv  Dr.  Gustav  Benischke).  Brannschweig,  Friedrich  Vieweg  und 
Sohn,  1904. 

Teclinische  Hulfsmittel  zur  Beforderung  und  L^igerang  von 
Sammelicorpern  (Massengiitern).  Part  II.  By  M.  Bnhle.  Berlin, 
Jnlins  Springer,  1904. 

Die  Wasserrohrlcessel  der  Kriegs-  und  Handelsmarine.  Ibre 
Banart,  Wirkungsweise,  Behandlung  nnd  Bediennng.  Von  Walter 
Lieps  und  Max  Dietrich.     Bostock,  C.  J.  £.  Yolckmann,  1904. 

Elemente  des  Waaserbaues.  Fiir  Stndierende  Hoherer  Lehran- 
stalten  nnd  Jiingere  Techniker.  Yon  Eduard  Sonne  und  Earl  Essel- 
bom.     Leipzig,  Wilhelm  Engelmann,  1904. 

Traite  de  Theorique  et  Pratique  de  la  Resistance  des  Materiaux. 

Appliquoe  au  Beton  et  an  Ciment  Arm6.  Par  N.  de  Tedesoo  et  A. 
Maurel.     Paris,  Libraire  Poly  technique  Ch.  B^ranger,  1904. 

Central  Station  List  and  Manual  of  Electric  Light.  Published 
Quarterly  the  First  Day  of  March,  June,  September  and  December. 
New  York,  McGraw  Publishing  Company,  1904. 

The  Municipal   Year  Book  of   the  United  Kingdom  for   1004. 

Edited  by  Bobert  Donald.     London,  Edward  Lloyd,  Limited,  1904. 

The  Drainage  of  Town  and  Country  Houses.  A  Practical  Ac- 
count of  Modem  Sanitary  Arrangements  and  Fittings.  By  G.  A.  T. 
Middleton.     London,  B.  T.  Batsford,  1903. 

Pollution  of  Tidal  Waters,  With  Special  Reference  to  Shellfish. 

Fourth  Report  of  the  Commission ers  Appointed  in  1898  to  Inquire 
and  Beport  What  Methods  of  Treating  and  Disposing  of  Sewage  may 
Properly  be  Adopted.    London,  Eyre  and  Spottiswoode,  1904. 

Directory  to  the  iron  and  Steel  Works  of  the  United  States. 

Embracing  a  Full  Description  of  the  Blast  Furnaces,  Boiling  Mills, 
Steel  Works,  Tinplate  and  Teme  Plate  Works,  and  Forges  and 
Bloomaries  in  the  United  States;  also  Classified  Lists  of  the  Wire 
Rod  Mills,  the  Structural  Mills,  Plate  Sheet,  and  Skelp  Mills,  Black 
Plate  Mills,  Bail  Mills,  Steel  Casting  Works,  Bessemer  Steel  Works, 
Open  Hearth  Steel  Works,  and  Crucible  Steel  Works.  Compiled  and 
Published  by  the  American  Iron  and  Steel  Association.  Sixteenth 
edition.  Corrected  to  August  1,  1904.  Philadelphia,  American  Iron 
and  Steel  Association,  1904. 

Modem  Practical  Electricity.  Electricity  in  the  Service  of  Man; 
A  Popular  and  Practical  Treatise  on  the  Applications  of  Electricity  in 
Modem  Life.  Yol.  IV.  By  R.  MuUineux  Walmsley.  Chicago,  W. 
T.  Keener  and  Co. 
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Der  Kaskadenumf ormer.  Seine  Theorie,  Berechnung,  EonBtrnk- 
tion  nnd  Arbeit weise.  Yon  £.  Arnold  und  J.  L.  la  Conr.  Sonderab- 
dmckanB  Sammlnng  elektroteohniBcher  Vortrage.  Herausgegeben 
yon  Dr.  Ernst  Yoit.    Band  YI.    Berlin,  Ferdinand  Enke,  190i. 


SUMMARY  OF  ACCESSIONS. 

AnguBt  7th  to  September  12th,  1904. 

Donations  (including  14  duplioates  and  4  nnmbers 

completing  yolames  of  periodicals) 177 

By  pnrohaBe 13 

Total 190 
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MEMBERSHIP. 


ADDITIONS. 

ICXMBXBB.  „  D^  Oj, 

MembenhJp. 

BmACS,  Jambs HsNBT.    Oare,P.,N.T.  &L.  I.B.B.,  j  Assoc.  M.  Jan.     2,1901 

20  West  34th  St.,  New  York  City ( M.  Sept.'  6, 1904 

HojjoouBM,  JosEPB  Galbs.  Prin.  Asst.  Engr.,  Boreaa  of  Eng., 

Manila,  PhUippine  Islands May     4,1904 

Bobbins,  Aujkii  Applbton.     Bes.  Engr.,  N.  Y.  &j  Assoc.  M.  Oct      2,  1901 


Y.  &jAsi 
}ity.|M. 


L.  I.  B.  B.,  1  East  42d  St.,  New  York  City.  { M.  Sept    6, 1904 

A8SOGIATB  MBMBEB8. 

Abmoub,  Ghablbs  Wbbstbb  L.    619  Garrison  Ave. ,  Fort  Smith, 

Ark Jane    1,  1904 

Babbb,  Hugh  Cossabt,  Jr.    30  Gold  St.,  New  York  City Biay     4,  1904 

Fabmham,  Ghablbs  Hbnbt.     Gare,  Am.  Ghina  Deyelopment 

Go.,  Ganton,  Ghina June    1, 1904 

JoHBSioBB,  William  Babd.  22  West  26th  St.,  New  York  Gity.  May  4.  1904 
Wild,  Hbbbkbt  Joseph.  Asst.  to  Snpt.  of  Constr., 

U.  S.  Life  Saving  Service,  721  Broad  St., 

Meriden,  Gonn. 


Jon.  Mar.  31,  1903 

M.  April    6,  1904 


I 

JUBIOBS. 

Babsbb,  Edwabd  Wabbbm.    2d  Ldent,  U.  8.  M.  G.,  U.  S.  Naval 

Academy,  Annapolis,  Md Mar.     1,1904 

Gbawlet,  Ebnbst  Willabd.    305  Exchange  Bldg.,  New  Haven, 

Conn May    31,1904 

CHANQBS  OP  ADDRBSS. 

MTEMBKB8. 

Bblknap,  William  Ethblbbbt Sapt.,  Gommunipan  Goal  Go.,  Jersey 

Gity,  N.  J.;  Address,  17  Battery  PI., 

New  York  Gity. 
Bkll,  Alonzo  Glabbnob 920  Hibernia  Bank  and  Trust  Bldg., 

New  Orleans,  La. 

Besbbb,  Fbbd  Milton La  Jnnta,  Golo. 

Bizbt,  William  Hbbbbbt Gol,,  Gorps  of  Engrs.,  U.  S.  A.,  Gare, 

Military  Secy.,  War  Dept.,  Washing. 

ton,  D.  G. 
Oampbbll,  Johm  Looan Ghf.  Engr. ,  Gasconade  By.  Gonstr.  Go., 

Prin.  Asst.  Engr.,  St  L.,  K.  G.  A  G. 

By.,  El  Paso,  Tex. 

Ck>BinELL,  Gbobob  Bibdsall 20  Broad  St.,  New  York  Gity. 

Obosbt,  Bbbjamix  LnfooLN Prin.  Asst  Engr.,  N.  P.  By.  Go.,  Ta- 

coma.  Wash. 


322  MEMBBB8HIP — CHANGES  OF  ADDRESS.  [Society 

GuBHiNa,  Edwabd  Bknjamin Gen.  Sapt.,  M.  L.  ft  T.  B.  B.,  New 

Orleans,  La. 

Datisom,  Gioboe  Stewabt Care,  J .  M.  Gnffey    Peirolenm  Co., 

Beaumont,  Tex. 

GooDAiiB,  Looms  Fabbinoton Engr.,  M.  of  W.  Missouri  Dist.,  C,  B. 

&  Q.  By.  Go.,  610  Globe  Democrat 
Bldg.,  St.  Loais,  Mo. 

GouXiD,  WiLLiAK  TniiOTsoir Care,  Penn.,  N.  Y.  &  L.  1.  B.  B.  Co., 

226  West  33d  St..  New  York  City. 

HiLLTKB,  William  Bobs Asst.  Commr.  of  Pablic  Works,  Bor- 
ough of  Bichmond,  City  of  New 
YorkfBichmond  Bldg.,New  Brighton 
(Bes.,  160  Bichmond  Aye^  Port 
Bichmond),  N.  Y. 

Johnson,  Lobenseo  Medici Pres.,  Pitts.,  Shawmat  &  Northern  B. 

B.  Co..  45  Wall  St.,  New  York  City. 

Johnson,  Luoixn  Samuel Dam  11,  Ohio  Bi^er,  Wellsborg,  W.Va. 

KiNSLBT,  Thomas  Peabson Broadway    and  187th  St,  New  York 

City. 

Mineb,  Chables  Augustine 146  East  3d  St.,  Oswego,  N.  Y . 

MiJNSTEB,  Andbew  Wendelbo Acting  Chf.  Engr.,  Chic.  Gt.  West.  By., 

St.  Paul,  Minn. 

0*BouBKs,  John  Fbanois Cons.  Engr.,  \  West  34th  St.,  New  York 

City. 

Pasohke,  Theodobe 1  West  100th  St. ,  New  York  City. 

BoBiNsoN,  Albebt  Fowleb Bridge  Engr.,  A.,  T.  &  S.  F.  By.  Sys- 

tem,  Boom  1000,  By.  Exchange 
Bldg.,  Chicago  (BeB.,608  Marion  St., 
Oak  Park),  111. 

Bobinson,  Geobob  Henbt Drawer  821,  Vancouyer,  B.  C,  Canada. 

BuooLES,  William  Bubbouohs  . . . .  ^. . .  .Care,  Isthmian  Canal  Comm.,  Culebra, 

Canal  Zone,  Panama,  Care,  New  York 
Post  Office. 

Smith,  Chables  William 393  Lewis  Aye.,  Brooklyn,  N.  Y. 

Thomas,  Geobok  Edwabd Supery.  Engr.,  I.  B.  B.  T.,   69th  St. 

Power  House  (Bes.,  50  West  92d 
St.),  New  York  City. 

Webb,  Walteb  Lobino Cons.  Engr.,  2222  Land  Title  Bldg., 

Philadelphia,  Pa. 

Wbbsteb,  Chables  Edwabd Cons.  Engr.,  South  Bethlehem,  Pa. 

Williams,  Gabdneb  Stewabt 1603   Washtenaw   Aye.,    Ann    Arbor, 

Mich. 

ASSOCIATE    MBMBEBS. 

Adoate,  Fbedebick  Whitney Supt.  for  The  Foundation  Co.,  Terre 

Haute,  Ind. 

Babnes,  William  Thomas 61  Elm  St. ,  Wateryille,  Me. 

Basoome,  Westebn  Badfobd , . 3759  Westminster  Pi.,  St.  Louis,  Mo. 

Baueb,  Jacob  Louis 26  Dix  Bldg. ,  Elizabeth,  N.  J. 
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Bkll,  AiiFRXD  Gabboll Gontr.  Engr.,  WiBConi»in  Bridge  &  Iron 

Co.,  101  Nineteenth  St.,  Milwaukee, 
Wis. 

GoATKs,  Fbank  RATMOxn) 318  Grand  Central  Station,  Ghicago,  111. 

Cbbw,  Chables  Gobwin Engr.,  Morgan  Gonnty  Goal  Co.,  Bar- 

nett.  Mo. 

GuDwoBTH,  Fbank  Gbaht Designing  and  Gonst.  Engr.,  Gndworth, 

AxMl  &Go.,  616  K.  G.  Life  Bldg.,. 
Kansas  Gity,  Mo 
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SB  You,  Jambs  Laibd Gare,  Am.  Bridge  Co.,  Erecting  Dept., 

Ambridge,  Pa. 
DuFOUB,  Fbanb  Oliybb Asst.  Prof,  of  Civ.  Eng.,  Univ.  of  Ver- 

mo]it,  Burlington,  Vt. 
Enbemann,  Hebman  Eabl Asst.    Engr.,    Topographical    Bureau, 

Borough  of  Queens,  78  Bergen  Ave., 
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Fbbouson,  James  Easton Cons.,  Bridge  and  Structural  Engr.,  735 

Fourteenth  Ave.,  Detroit,  Mich. 

Fbbbis.  Fbbdebigk  Edwabd 820  Montgomery  St.,  Jersey  Gity,  N.  J. 

FiiiNN,  AiiFBBD  Douglas Gen.  Insp.,  Eng.  StaS,  Groton  Aqueduct 

Commrs.,  280  Broadway,  New  York 

City. 
Fbink,  Fbbd  Goodbich  Asst.  Prof,  of  Civ.   Eng.,  Univ.  of  111., 

1003  Oregon  Atc.,  Urbana,  111. 
Gbakdy,  Albion  Lobenzo Asst.  Bridge  Engr.,  Pere  Marquette  By., 

280  Lysander  St.,  Detroit,  Mich. 
Hain,  Jambs  C Engr.,  Masonry  Constr.,  G.,  M.  &  St.  P. 

By.  Co.,  1232  By.  Exchange,  Chicago, 

111. 

Hebbino,  Willabd  E Silver  Springs,  Md. 

McCoy,  Chables  Ephbaim Lowsville,  W.  Va. 

McGeb,  Van  Nobman Nordrach     Banch,    Colorado    Springs, 

Colo. 
Mabtik,  James  William  Engr.  for  Denver  &■  Pueblo  Constr.  Co., 

318  Fourteenth  St.,  Denver.  Colo. 
Mason,  Gbobge  Cotnbb Cons.  Engr.,  324  Chamber  of  Commerce, 

Portland,  Ore. 

MooBE,  Chables  Gillino^am City  Engr. ,  Coldwater,  Mich. 

Pbitchbtt,  Chablxs  Mabcellxts Honeapath,  S.  C. 

BiTTBNHousE,  Habvbt Care,  C.  &  P.  B.  B.,  Cumberland,  Md. 

SoHABFFBB,  Amos  408  West  150th  St.,  New  York  City. 

Stbehlow,  Oscab  Emil U.  S.  Asst.  Engr.,  South  Bend,  Ind. 

SwKTiZEB,  Nklbon  Bowman U.  S.  Examiner  of  Surveys,  Gen.  Land 

Qflace,  Valentine,  Nebr. 
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I)  Journal^  Assoc.  Knts.  Hoc.,2K7  South 
Fourth  Bt..,PhiladelDbia.  Ps  .,  aoc. 

o;  Proceedings^  Enfrrs.  Club  of  Pblla., 
1122  (iirard  Rt.,  Philadelphia,  Pa. 

(3)  Journal,   Frankliu    lust.,   Philadel- 

Dbia,  Pa.,  50c. 

(4)  Journal,  Western  See.  of  Enirrs.,  Mo- 

nadnock  Block,  Cblcaxo,  ril. 

(5)  Transactions,  Can.  8oc.  C.  E..  Mon- 

treal. Que..  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ..  New  York  CUv,  50c. 

(7)  Technology   Quarterly.  Mass.    Inst. 

Tocta.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

(nst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine,   New   York 

City,  85c. 
(lo)  Cassier's  Magazine,  New  York  City, 


(n) 


MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OP 

INTEREST. 

(August  4tb  to  September  10th,  1904.) 

Note. — This  list  is  published  for  the  purpose  ofplacina  before  the  members 
of  the  Society  the  titles  of  current  t  ejipineering  articles,  which  can  be  referred 
to  in  an  If  available  engineering  library ,  or  can  he  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OP  PUBLICATIONS. 
lathe  subjoined  list  of  articles  references  are  given  by  the  number  pre* 
I  to  each  journal  in  this  list, 

(35)  Nouvelles  Annates  de  la  Construe 
tion,  Paris,  France. 

(36)  La  Revue  Tenhntgue,  Paris.  France. 

(37)  Revue  de  Micanique.  Paris.  France, 

(38)  Revue  0^,n4rale  aes  Chemins  de  Vet 
et  des  Tramvoays^  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicaf?o, 
III.,  10c. 

(40)  Railway  Aae.  Chicago.  111.,  10c. 

(41 )  Modem  Mach tn«ry ,Chicafiro.  Til.,  10c. 
(4a)  Transactions,  Am. Inst.  Elec.  Kngrs., 

New  York  City,  50c. 
C43)   Annates   des    Fonts   et    Chaussees, 

Paris,  France. 
(44)  Journal,    Military  Service    Institu- 
tion, Governor's  Island,  New  York 

Harbor,  60c. 
(48)  Mines  and  Minerals,  Scranton,  Pa., 

„ _  20c. 

aSc.  (46)  Scientific  AmeHcan,  New  York  City, 

8c. 
(47)  Mechanical  Engineer,    Manchester, 

England. 
(S4)  Transactions,  Am.  Soc.  C.  E..  New 

York  City,  fc$. 
(8S)  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 

(56)  Transactionst  Am.  Inst.  Min.  Engrs., 
New  York  City,  $5. 

(57)  Colliery  Guardian,  London,  England. 
(38)  Proceedings,  Eng.   Soc.    W.   Pa.,  410 

Penn  Ave.,  Pittsburg,  Pa.,  50c. 
(89)  Transactions,  Mining  Inst,  of  Scot- 
land, London  and  Newcastle-upon- 
Tyne. 

(60)  Municipal   Engineering,    Indianap- 
olis, Ind. ,25c. 

(61)  Proceedings,  Western  Railway  Clnb, 
225  Dearborn  St.,  Chicago,  111.,  25c. 

(6j)  American   Manufacturer   and   Iron 
World,  59  Ninth  St.,  PItteburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E. 
London,  England. 

(64)  Power,  New  York  CItj.  2Cc 

(65)  Official  Proceedings,  New  York  Rail 
road  Club.  Brooklyn,  N.  Y.,  15c. 

(66)  Journal  of  Oas  Lighting,  London 
England,  15c. 

(67)  Cement  and  Engineering  Newt,  Chi- 
cago, III.,  25c. 

(68)  Mining  Journal,  London.  England. 
(6q)  Mill  Owners,  New  York  Cltv.  10c. 

(70)  Engineering  Review,  New  York  City, 
10c. 

(71)  Journal,  Iron  and  Steel  Inst.,  London, 
England 

(7^^  Street  Hailiray  Remetr,  Chicago,  80c. 

(73)  Electrician,  London,  England.  18c. 

(74)  Transactions,     Inst,    of     Min.    and 
Metal ,  London,  England. 

(78)  Proceedings,  Inst,  of  Mech.  Engrs., 
London.  England. 

(76)  Brick,  Chicago.  10c. 

(77)  Journal,  Inst.  Elec.  Engm.,  London, 
England. 


Engineering  (London),  W.  H.  Wiley, 
New  York  City,  25c. 
ria)  The  ffnotneeriLondon),  International 
Ne^  Co.,  New  York  City,  86c. 

(13)  Engineering  yews.  New  York  City, 

15c. 

(14)  The  Engineering  Record,  New  York 

(Mty. 12c. 
(18)  Railroad  Gazette,  New  York  City, 

lOit. 
(16)  Engineering  and    Mining  Journal, 

New  York  City,  15c. 
(■7)  Street  Railway  Journal,  New  York 

Citv,  85c. 
(18)  Railway  and    Engineering   Review, 

Chicairo,  111.,  10c. 
(  f  0 )  Scien  tific  American  Supplement,  New 

Y.>rk  Citv,  10c. 
(ao)  Iron  Aae,  New  York  City,  10c. 
<ai)  Railway    Engineer,    London,    Eng- 

Linn,  25c. 
(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, Bnirland,  25c. 
(a3)  Bulletin,  American  Iron  and  Steel 

AMftoc,  Philadelphia,  Pa. 
t^A)  American   Gas  Light  Journal,  New 

York  City,  10c. 
^a8)  American  Engineer,  "Sew  York  City, 

5!0c. 
(96)  Electrical  Review,  London,  England, 
f  «7)  Electri*:al  World  and  Engineer,  New 

York  City,  10c. 
(«8)  Journa/,  New  Kngland  Water- Works 

Assoc,  Boston,  SI. 
Cap)  Journal,  Society  of  Arts,  London, 

England,  15c. 
(30)  Annates    des    Travaux   Put>lics  de 

Beigique,  Brussels,  Belgium. 
Annal^n  deV  Assoc,  des  Jng.  Sortis 

des  E'-ole  Spiciales  de  Gand,  Brus- 

s'>is,  Belgium. 
MSmoires  et  Comvte  Rendu  des  Tra- 

oaux,  Soc.   Ing.   Civ.  de  France, 

Paris.  IJ'rance. 
,   Le  tUnie  OioiV.  Paris,  France. 
>s4)  Partefeuille    Economique   des   Ma- 
^  chines,  Paris,  France. 


(31) 
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(33) 


326  CUBRKKT   Eia^GIliE£RXJ(0  LITEBATDBE.  [Sodeiv 

UST  OP  ARTICLES. 
Bridge 

A  Practical  Method  of  Adjustiiur  the  Cables  of  Suroenslon -Bridges:  with  some  Notes 
on  Wire-Bope  Cables^trantb,  and  Anchorages,  from  recent  Australian  Practice  * 
Ernest  Macartney  de  Burgh.  M.  Inst.  C.  E.    (63)     VoL  156. 

A  Ught  610-Foot  Suspension  Bridge.*    (14)  Aug.  0. 

A  Slcew-§pan  Double-Track  54-Foot  Beinf  orced  Concrete  Arch.*    ( 14 )  Aug.  6. 

"    "      rHarbo     ~    "      -  - 


rile  and  Timber  TresUe  Bridges  on  the  8anta  Ve.*    A.  F.  Bobinson.    (From  Bulletin  of 

the  Amer.  By.  Eng.  and  Maintenance  of  Way  Assoc. )    ( 15 )  Aug.  IS. 
The   Erection  of   the  882-Foot  Triangular  Span  of   the  Fraser  Biver  Bridge.    (i4> 


Aug.  18. 
New  Design  of  Beinf oroement  for  Concrete  Steel  Girders.    E.  A.  S.  Whitford.    (46^ 

Aug.  18. 
The  Division  Street  Bascule  Bridge,  Chicago.    ( 14)  Aug.  20. 
The  Merrimac  Biver  Bridge  at  Newburyport.*    (14)  Aug.  80. 
Novel  Bridge  Construction.    (6a)  Aug.  86. 
Suspension  Ferry  Over  the  Loire  Biver  at  Nantes,  France.*    B.  II.  Bidgely.    115^ 

Aug.  86. 
The  Erection  of  the  Tenth  Street  Bridge.  Pittsburg.*    ( 14)  Serial  beginning  Aug.  27. 
The  New  Main  Span  of  the  Plattsmouth  Bridge.*    ( 14)  Aug.  87. 
Transporter  Bridges  at  Nantes,  Bizerte  and  Bouen.*    ( 10)  Sept. 
The  I^mado  of  August 20, 1904, at  St.  Paul,  Minn.*    (Its  effect  on  bridges.)    C.  A.  P. 

Turner,  M.  Am.  80c.  C.  E.    (13)  Sept.  1. 
American  Bridge  Building  in  Equatorial  Africa.*    (14)  fferiatbeginning  Sept.  8. 
Profl^ess  in  Bauroad  Bridge  Building.    F.  C.  McMath.    (Paper  read  before  the  Detroit 

&ig.  Soc.)    (6a)  Sept.  8. 
Beinf  orced  Concrete  Highway  Bridges  in  New  Jersey.    ( 14)  Sept.  10. 
Les  Nouveaux  Grands  Fonts  sur  FEast  Biver  &  New  York.*    G.  Bichou.    (33)  Serial 

beginning  July  80. 
Les  Fonts  du  Haut— Ogo<>u6  dans    le  Congo  Fran^ais.*    Lt.-Ck>IoneI  Gisclard.    <33> 

Aug.  87. 

electrical. 

The  Storage  Battery.*    J.  Lester  Woodbridge.    (8>  July. 

Direct-Beading  Measuring  Instruments  for  Switchboard  Use.*    Kenelm  Edgcumbe. 

Assoc  M.  Inst.  E.  E.,  and  Franidin  Punga.    (77)  Juiy. 
Power  Station  Design.*    C.  H.  Merz,  M.  Inst.  E.  E.,  and  Wm.  McLellan,  Assoc.  M.  Inst. 

E.  E.    (77 •  July. 
The  Qtf^m  Turbine  as  Applied  to  Electrical  engineering.*    C.  A.  Parsons,  O.  G.  .Stoney. 

C.  P.  Martin.    (77)  July. 
The  Distribution  of  Eiectrleity  in  Shipyards  and  Engine  Works.*    A.  J.  Anderson,  Assoc. 

M.  Inst.  E.  E.    (77)  July. 
Electrical  Engineenng  in  South  Africa.    John  Boberts.    (73)  July  89. 
The  Organisation  and  Management  of  a  Central  Station  Meter  Department.*    A.  J. 

Cridge.    (Abstract  of  Paper  read  before  the  Municipal  Elec.  Cfonvention.)    (a6» 

July  89. 
Some  Notes  on  the  Bristol  Ellectricity  Works  Fire.*    H.  Faraday  Proctor.    (Paper  react 

before  the  Incorporated Mun.  Elec.  Assoc.)    (73)  July  89. 
Synthetic  Wireless  Telegraphy.*    A.  Fredorick  Collins.    (a7)  July  80. 
Telephonic  Tendencies.    (27)  July  80. 
Winding  a  Direct-Current  Generator  Armature.*  Arthur  Wagner.   (From  Electric  CInh 

Journal.)    (47)  July  80. 
Some  of  the  Electrical  Features  of  the  Exposition.*    E.  B.  Ellicott.    '4)  Aug. 
The  Works  of  the  General  Electric  Company.*    (11}  Serial  beginning  Aug.  5. 
Ipswich  Electric  Lighting  and  Tramways  Undertaking.*    (a6)  Aug.  6. 
The  Location  of  Lightning  Arresteri>.    (a6>  Aug.  5.  . 

'■Zone''  Dynamos  and  Motors.*    Henry  F.  Joel,  Assoc.  M.  last.  C.  E.    (a6)  Serial  be- 
ginning Aug.  5. 
The  Adaptability  of  Electrical  Driving.     B.  Longbottom.     (Abstract  of  Paper  read 

bf  fore  the  Manchester  Assoc,  of  F'ngrs.)    (a6)    Serial  beginning  Aug.  5. 
Armature  Beaction  in  Alternators  *    James  B.  Henderson  and  John  S.  Nicholson.  (73^ 

Aug.  6. 
The  Power  Plant  of  the  Littleton  Creamery,  Denver.    (14)  Aug.  6. 
The  70  000- Volt  Continuous  Current  Transmission  Experiments  at  S6cheron.*  A.  Steen$. 

(14)  Aug.  6. 
A  Large  New  Steam  Turbine  Power  Plant  Installation  for  Dubuque,  Iowa.*      17^ 

Aug.  6. 
The  Guanajuato,  Mexico,  Power  Transmission.*    Bobert  McF.  Doble.    (ay)  Seital  be- 


ginning Aug.  6;  Abstract  ( 14)  Aug.  18. 
etho<'  *      *^  "      ^  '  ' 


Method  for  Measuring  the  Output  of  Induction  Motors.*      E.  Alexanderson.     (a7» 

Aug.  6. 
New  System  of  Wire  Fixing  and  Protecting  Apparatus  for  Overhead  Electric  Light  and 

Power  Wires  and  Cables.*    (ay)  Aug.  6. 
Single-Phase  Series  Motor.*    Balph  McNeill.    (a7)Aug.  6. 

*  Illustrated. 
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Electrical— ( Continaed) . 

Aluminium  Electrical  Ck>nductor8.    Roderick  J.  Parke.    ( Abstract  of  Paper  read  before 

the  Canadian  Electrical  Ajbsoc.)    (47)  Aug.  6. 
Leek  Electricity  Works  *    (a6)  Aug.  l5' 
Recent  Advances  in  Electro-Chemistry.     Bertram   Blount.     <ao)  Serial  beginning 

Aug.  12. 
Electrotechnical  Systems  of  Units.*    Dayid  Robertson.    (73)  Aug.' 18. 
The  Largest  Generating  Unit  at  the  World's  Fair.*    (^7)  Aug.  18. 
The  Relation  of  Telephone  Traffic  to  Efficient  Service.*    Howard  8.  Knowlton.    (37) 

Aug.  18. 
Rigidance,  a  New  Name  for  the  Reciprocal  of  Capacity.*  James  E.  Ives,  (ay)  Aug.  18. 
Medium-epan  Line  Construction.*  C.  A.  Copeland,  Assoc.  Am.  Inst.  E.  E.  (13)  Aug.  16. 
Electrical  Methods  of  Measuring  Temperature.*    {62)  Aug.  18. 
Electric  Tides  and  Earth  Currents.*    W.  H.  Sharp.    (a6)  Serial  beginning  Aug.  19. 
Messrs.  Siemens  Brothers  &  Co.'s  New  Manufactory  at  Stafford.*  (a6;  Serial  beginning 

Aug.  19. 
Iron  Losses  in  Dynamos.    (a6)  Aug.  19. 

Naval  Telegraph  Instruments:  Electric  Tel<«iuph&    (a6)  Aug.  19. 
OrUng-Armstronar  Electro-Capillary  Recorder.*  7*6)  Aug.  19. 
A  Method  of  Laying  Bare  Underground  Mains.*    (73)  Aug.  19. 
A  500  000-Volt  Transformer  at  the  St.  LouIb  Exposition.*    (ay)  Aug.  90. 
A  Practical  Test  on  Commutation.*    Arthur  Keller.    (37)  Aug.  90. 
A  Unique  Storage  Battery  Installation.*   Henry  Floy,    (ay)  Aug.  90. 
Economical  Features  of  the  Austin  Telephone  Company's  All- Cable  Plant,  Austin, 

Minn.*    (ay)  Aug.  90. 
WIU  Mechanical  Stokers  under  Steam  Boilers  Pay?    S.  D.  Shook.    (6a)    Aug.  96. 
Voltage  Regulation  in  Alternating  Current  Systems.*    H.  S.  Meyer.    (Paper  read  be- 
fore the  Tilverpool  Eng.  Soc. )    (6a)  Serial  beginning  Aug.  95. 
A  Natal  Three-Phase  Transmission  Plant.*    (a6)  Aug.  96. 
On  liarge  Bulb  Incandescent  Electric  Lamps  as  Secondary  Standards  of  Light.*   J.  A. 

Fleming.    (Paper  read  before  the  British  Assoc,  for  the  Advancement  of  Science. ) 

(a6)  Aug.  96;  Abstract  (73)  Aug.  9S. 
Flame  Temperatures  in  Internal  Combustion  Motors.*    Dugald  Clerk.    (Paper  read  be- 
fore the  British  Assoc,  for  the  Advancement  of  Science.)    (73)  Serial  beginning 

Aug.  96. 
The  Distribution  of  Magnetic  Induction  in  Multipolar  Armatures.*    W.  M.  Thornton. 

(Paper  read  before  the  British  Assoc,  for  the  Advancement  of  Science.)     (73) 

Aug.  96. 
The  Janus  Telephone  System.*    Alfred  Qradenwitz.    (10)  Aug.  97. 
Multiple  Control  of  Press  Motors  in  San  Francisco.*    Wyatt  H.  Allen,    (ay)  Aug.  97. 
Two  Methods  of  Locating  Faults  in  Telephone  CSables.*    H.  B.  Stabler.    (a7)  Aug.  97. 
A  Physical  Conception  of  Some  Alternating-Current  Phenomena.*     Lamar  Lyndon. 

(a?)  Serial  beginning  Aug.  97. 
Deflection  of  Stator  of  Direct-Current  and  Three-Phase  Generators.*    F.  Niethammer. 

(ay)  Aug.  97. 
General  Electric  Company's  New  Compensated  Motor  for  RaOway  Service.*    (1.9)  Aug. 

95;  (15)  Aug.  96;  (40;  Aug.  96;  (14)  Aug.  97;    (17)  Aug.  97;  (18)  Aug.  97;    (a7; 

Aug.  77. 
Circuit-Breakers.*    W.  M.  Scott.    (3)  Sept. 
The  Electric  Equipment  of  Workshops  and  Factory  Buildings.    Percival  Robert  Moses. 


(9)  Bept. 

Vacuum-Tube  Lighting.*    D.  McFarlan-Moore.    (10)  Sept. 
The  Broad  Street  Station  of  the  Citizens  Light,  Heai  and  Power  Company,  Johnstown, 


Pa.*    (6a\  Sept. 
•crating  Direct  Current  Generators.*    (76)  _  _^  _. 
The  Hydro-Electric  Station  at  Bogota.*    A.  Steens.    (14)  Sept.  8. 


Rock  Creek,  Oregon,  Power  and  Transmission  System.*    (ay)  Sept.  8. 

Treating  Incandescent  Lamp  Filaments.*    Ralph  McNeill,    (ay)  Sept.  8. 

Oalculauon  of  Alternator  Regulation.*    C.  R.  Canfleld.    (a7)  Sept.  8. 

Steam  Turbine-DriTen  Central  Station  (Johnstown,  Pa.).*    (a7)  Sept.  8. 

Wireless  Telegraph  Service  in  St.  Louis.*    Cloyd  Marshall,    (ay)  Sept.  8. 

Dispelling  Fog  by  Electricity:  An  Experimental  Proof.*    A.  Frederick  Collins.    (46) 

Sept.  8. 
A  16-Mlle,  80  000-Volt,  Experimental  Electric  Transmission  Line.    A.  C.  Batch.    (Paper 

read  before  the  Pacific  Coast  Electric  Transmission  Assoc.)    (13)  Sspt.  8. 
The  Power  Plant  of  the  Agnes  Memorial  Sanatorium.*    Howard  S.  Knowlton.    (14) 

Sept.  10. 
Ddtermination  des  Conditions  d'Bconomie  Maxima  pour  le  Fonctionnement  des  Lampes 

tilectriques  &  Incandescence.    Aymard  Val6ry.    (36)  July  95. 
Soins  a  Donner  auz  Batteries  d' Accumulateurs.   E.  Dieudonn6.  (36)  Serial  beginning 

July  96. 
Cabestan  Electrique  &  Courant  Contlnu.    BoydelaTour.    (34)  Aug. 
Les  Cables  Sous-Marins.*    G.  Gouraud.    (36)  Serial  beginning  Aug.  95. 

Marine. 

BoUer  and  Engine  Test  of  a  Small  Steamboat.    Warren  Johnson.    ( 1 )  July. 
A  Modem  Ship  and  Engine  Plant.*    (41 )  Aug. 


'  Illustrated. 
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-(Continued). 

The  Draft  of  VeaselM  in  Motion  In  Shallow  Channels  Compared  with  Their  Stationary 

Draft.    Henry  N.  Babcock,  M.  Am.  Soc.  C.  E.    (13)  Aug.  4. 
Report  of  the  Committee  on  Naval  Boilers  (Ureal  Britain ).    (11)  Aug.  S. 
Torpedo-fioat  No.  806  for  the  Prench  Navy.*    (1 1 )  Aug.  6. 
The  Japanese  Navy:  On  Recent  Warships  in  the  Japanf^se  Navy.*  Rear-Admiral  SaSow. 

(Paper  read  before  the  Japanes9  Inst,  of  Naval  Archts.)    (12)  Aug.  12. 
Practical  Electrical  Testing  in  the  Navy.    (a6)  Aug.  12. 
Eleclricity  and  the  New  Steamer  Wolvin*    VValdon  Fawoett.    (jt)  Aug.  18. 
Speei  frial  of  the  Battleship  Ohio.    U6)  Aug.  IS. 
The  United  States  Marine  Corps.*    Waidon  Fawcett.    (46)  Aug.  18. 
Naval  BDilers.    (47)  Aug.  13. 
Austrian  Lloyd's  Steam  Navigation  Company *s  T.-S.  8.  Africa.*    (11)  Serial  beginning 

Aug.  19. 
Admiral  Togo's  Flagship  Mikcua.    (46)  Aug  80. 

A  New  Apparatus  for  Coaling  Warships  at  Sea  or  In  Harbor.    (19)  Aug.  20. 
The  Fisheries  Cruiser  Canada  .*    ( 1  a )  Aug.  S8. 

The  Water-Tube  Boilers  of  H.  H.  8S.  Medusa,  Medea  and  Hermes*    (11)  Serial  begin- 
ning Aug.  28. 
Anti- Fouling  Compositions  (Paint  for  the  Bottoms  of  Ships).    (From  Farben  Zeitung.) 

(191  Aug.  27. 
The  Era  of  Iron-r!lad  Warfare.*    J.  P.  Farley,    (aa^^  Serial  beginning  Sept.— Oct. 
Some  Notes  on  the  Design  and  Building  of  the  21  OQO-Ton  Steamships  Minnesota  and  Da* 

kota*   Charles  R.  Hanscom.    <  Abstract  of  Paper  read  before  the  Soc.  of  Naval 

Archts.  and  Marine  Gngrs.)    (13)  Sept.  1. 
Launch  i>f  the  Armored  Cruiser  South  Dakota.    (46)  $^pt.  8. 
The  Minnesota,  the  Largest  Steamship  ever  Built  in  America.*    (46)  Sept.  8. 
The  Unarmorei  Comp«>slte  Qunboat  Dubuque.*    (46)  Sept.  10. 
The  New  Cunard  Turbine  Steamers.*    (46)  Sept.  10. 
La  Navigation  Sous- Marine.    H.  Noalhat.    (36;  Serial  beginning  Aug.  10. 

Mechanical. 

Noten  on  the  Production  and  Thermal  Treatment  of  Steel  in  Large  Masses.*  Cosmo 

Johns.    (71 )  Vol.  65. 
The  M'uiufacture  of  Coke  in  the  HUssener  Oven  at  the  Clarence  Iron  Works,  and  its 

Value  In  the  Blast-Fumaces.*    C.  T^wthian  Bell.    (71 )  Vol.  f». 
The  De«ign  of  the  Steam  Turbine:  The  Economic  Value  of  the  New  Invention.*    F.  F. 

Coleman.    (60)  Apr. 
The  Economy  of  the  Feed  Water  Beater.*    O.  S.  Pedersen.    (69)  Apr. 
Steam  Traos:  The  Rational  and  Practical  Development:  The  Special  Design  Founded  on 

the  Difference  in  the  Co- Efficients  of  Brass  andiron.*    John  Piatt.    (09)  Apr.   ' 
The  Gas  Machine  in  Factory  R^rH)nomy.*    (69)  Apr. 
Comniercial  Gas  Analysis  wiih  Stationary  Hempel  Apparatus.    H.  C.  Babbitt.    (58) 

May. 
Pneumatic  Stone  Dressing  Machines  at  the  Wachusett  Dam,  Clinton,   Mass.*    (13) 

June  30. 
The  Use  of  Steel  Scrap  in  the  Foundry.    W.  G.  Scott.   (Abstract  of  Paper  read  before 

the  Amer.  Foundrymen's  Assoc.)    ( 13)  June  80. 
Molding  Machines.*    George  C.  Nielsen.    (Paper  read  before  the  Chicago  Foundry- 
men's  Assoc.)    (41)  July. 


A  Traveling  Machine  Shop.*    (41)  July. 
—     -         -  -'     IJt.  Louis  r 

: '- "-  (77) 

Care  and  Management  of  Steam  Boilers.*    William  ll.   Fowler,  M.  Inst.  C.  E.    (47) 


The  Steam  Plant  of  the  St.  Louis  Exposition.*    (64;  July. 
Steam  Turbines.*    F.  C.  Porte,  Assoc.  M.  Inst.  E.  E.    (77)  July. 


July  80. 

Production  and  Transmission  of  Producer  Gas.    (47)  July  80. 
Experimeu<al  Work  with  Solid  Emery  Wheels.    T.  Dunkfn  Paret.    (3)  Aug. 
The  Growth  of  the  Modem  Machine  Tool.*    C.  E.  Coolidge.    (From  Sibley  Journal  of 


Engineering.)    (41)  Aug. 
L  New  Chuck  for  "*        •-       - 


__     __         for  Short  Test  Pieces.*    T.D.  Lynch.    (Paper  read  before  the  Amer.  Soc. 

for  Testing  Materials. )    (41)  Aug. 
The  Generation  of  superheated  Steam.*    Otto  Bemer.    (From  Zeiischrift  des  Verelnes 

Deutflcherlnrenleure.)    (64)  Aug. 
Speciflc  Heat  and  Total  Heat  of  Superheated  Steam.*     Geo.  A.  Orrok,  Mem.  A.  S.  M. 

E.    (64>  Aug. 
Artificial  Refrigerstion.*    F.  E.  Matthews.    (64)  Aug. 
The  Galesburg  Mammoth  Paving  Brick  Industry.*    (76)  Aug. 
The  Compounds  of  Vanadium  in  Brown-Coal  Clay  and  the  Green  and  Yellow  Colors 

Whicn  They  Cause  in  Terra  Cotta  Products.    (76)  Serial  beginning  Aug.  1. 
Steel  Plant  of  the  Grand  Crossing  Tack  Company.*    (ao)  Aug.  4. 
Riehle  Vertical  Screw  Power  Testing  Machine.*    (6j)  Aug.  4;    (25)  Sept. 
Closing  Pieces.    (a6)Aug.  5. 

Boiler  Trials  with  GU  Fuel  at  Los  Angeles.*    (14)  Serial  beginning  Aug.  6. 
The  Dexter  Portland  Cement  Works.*    ( 14)  Aug.  6. 
An  Efficient  Ice  Plant  at  East  Hampton.  N.  Y.*    ( 14)  Aug.  6. 
The  Mounting  of  Emery  Wheels.*    (47)  Aug.  6. 

*  Illustrated. 
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M«cliJuilc«l-(CMitlnued) . 

The  Murtsy  Rolling  Mill  Engine.    An  Exhibit  at  the  Bt.  Louis  World's  Fair  *    (ao) 

Aiur.  11. 
Test  (^Turbine  Pumps  *    (6a)  Aug.  11. 

High-Speed  Internal  Combustion  Engines.*    (la)  Serial  beginning  Aug.  IS. 
Gas  Power  Plant  at  EldersUe  Graving  Dock.*    (la)  Aug.  18. 
Curtis  Steam  Turbine  in  the  St.  Louis  Machinery  Building.*    (46)  Aug.  18. 
Prerention  of  Accidents  in  W^orkshops.    (47)  Aug.  18. 
Hesbanical  Draught  for  Boilers.*    lifter  Yates,  H.  I.  Mech.  E.    (Paper  read  beforethe 

Inst,  of  Heat,  and  Vent.  Bngrs.)    (47)  Aug.  18;  Abstract  (aa)  July  89. 
The  Spontaneous  Ignition  of  Coal.    Alfred  O.  Doane.    (13)  Aug.  18. 
The  Porter  Galvanizing  Process.*    (ao)  Aug.  18.  ^  ^ 

How  to  Calculate  the  Cylinder  Bore,  Stroke,  etc.    Th.  L.  Leon  de  Tissandier.    (6a) 

Aug.  18. 
Steam-Turbine  Construction.*    O.  Lasohe.    (11)  Serial  beginning  Aug.  10. 
CompressiMi  Air  and  Pneumatic  Tools  in  Engineering  Works.    Frank  Fielden.    (11) 

Aug.  19. 
Tool-Grinding  Machines  at  the  St.  Louis  Exhibition.*    ( 1 1)  Aug.  19. 
The  Mumford  Water-Tube  Boiler.*    (u)  Aug  19. 
Mechanical  Plant  of  the  Hotel  f^ayette,  Buffalo.*    (19)  Aug.  90. 
The  Science  of  Burning  Liquid  Fuel.*    w.  N.  Best.    ( iii)  Aug.  90.  ^  , 

ConstrucUon  and  Fencing  of  Hoists  and  Teagles.*    W.  Sydney  Smith.    (47)  Serial 

beginning  Aug.  90. 
Westinghouse  Steam  Turbine.*    (47)  Aug.  90. 
Station  Meter?.*    Donald  McDonald.    (Read  before  the  Congress  of  Gas  Associations  of 

America.)    (a4)  Aug.  98.  ™       ^ 

The  Engineer  in  the  Foundry.    R.  Moldenke.    (Paper  read  before  the  Amer.  Foundry- 
men's  Assoc.)    16a)  Serial  beginning  Aug.  ».  .^^  ^     ^    _^ 
The  Calorimetry  of  the  (Jases  Exhausted  from  an  Internal-Combustion  Engine.*    B. 

Hopklnson.    (Abstract  of  Paper  read  before  the  British  Assoc,  for  the  Advance- 


ment of  Science.)    (11)  Aug.  £b. 
The  Manufacture  of  Bricks  from  Destructor  Clinker.*    (la)  Aug.  96. 
The  Effects  of  Receiver  Drop  in  a  Compound  Engine.*    Joseph  W.  Havward.    (Paper 


read  before  the  British  Assoc,  for  the  Advancement  of  Science.)    (la)  Aug.  96. 

The  Aeroplane.    Rudolphe  Sorean.    (From  Ia  Vie  AutovnobUe.)    iip)    Aug.  87. 

A  (JasoUne-Electric  Automobile.*    Emile  Guarini.    (10)  Aug.  97.  ^    .  , 

Care  and  Management  of  Steam  Boilers.*  William  H.  Fowler,  M.  I.  C.  £.  (47)  Serial 
beginning  Aug.  97. 

Entropy  in  Steam  Engine  Practice.*    (47)  Serial  beginning  Aug.  37. 

Engine  Breakdowns  and  Thetr  Lessons.*    (47)  Aug.  87. 

Prewure  Points.  E.  C.  Jones.  (Paper  read  before  the  Pacific  Coast  Gas  Assoc.)  (34) 
Aug.  89. 

The  Introduction  of  High-Speed  Steel  into  a  Factory.    A.  D.  Wilt,  Jr.    (9)  Sept. 

Variable-Speed  Appliances.*    E.  K.  Hood.    (10)  Sept. 

Drop  Valve-Engines.*    Charles  Hurst.    ( 10)  Sept.  ._ 

High-Speed  Tool  Steel,  Its  Manufacture  and  Use.  J.  M.  Gledhill.  (Abstract  of  Paper 
read  before  the  Coventry  Eng.Soc.)    (ai)  Sept. 

The  New  No.  8  Coke  Plant  of  the  Oliver  &  Snyder  Steel  Co.:  A  Description  of  the  Lay- 
out and  Equipment  of  a  Complete  Modern  Plant  *    (45)  Sept. 

Lathe  tool  Dynamometer  for  Experiments  with  Tool  Steel.*    J.  T.  Nioolson.    (41)  Sept. 

The  Numberg  Double-acting  Tandem  Gas  Engine  of  Recent  Design.*    (41 )  Sept. 

Pneumatic  Compression  Yoke  Riveters.*    (41)  Sept. 

The  Private  Railway  in  the  Modem  Plant.*    (41 )  Sept. 

European  Practicem  the  Use  of  Superheated  Steam.  Franz  Kceeter.  (64)  Serial  begin- 
ning Sept. 

Curves  of  Performance.*    W.  H.  Booth.    (64)  Sept. 

Gas  Producers  for  Power.*   Julius  I.  Wile.    (64;  Sept. 

Valves  and  Valve  Gears.*    Robert  Gibson  Griswold.    (64)  Serial  beginning  Sept . 

An  Emergency  Engine  Repair.*    Lewis  F.  Lyne.    (64)  Sept. 

SpUcing  Leather  Belts.*    W.  E.  Dixon.    (64)  Sept. 

A  Unique  Engine.*   (64)  Sept. 

What  Machinery  Men  are  Doing  for  Brickmakers.  J.  H.  Chambers.  (Paper  read  before 
the  National  Brick  Manufacturers'  Assoc.)    (76)  Sept. 

Clay  working  Perplexities.    {Ftovdl  British.  Clayioorker.)    (76)  Sept. 

Boiler  Scale  and  the  Transmission  of  Heat.*    A.  D.  Risteen.    (40)  Sept.  8. 

The  Crocker  Steam  Turbine.    (14)  Sept.  8. 

The  Daniels  and  Fisher  Power  Plant  in  Denver.*    Howard  S.  Knowlton.    ( 14)  Sept.  8. 

Plant  of  the  New  Orleans  Cold  Storage  and  Warehouse  Co.*    ( 14)  Sept.  8. 

Performance  of  a  Plant  with  Heating  from  the  Exhaust  of  Condensmg  Steam  Turbines.* 
(14)  Sept.  8. 

The  Admiralty  Pier  Cranes  at  Dover.*    Emile  Guarini.    ( 19)  Sept.  8. 

Suction  Gas-Producer  for  Use  with  Explosive  Motors  Employing  Low-Grade  Gas  Pro- 
duced Direct  from  Coal.*    (From  La  Nature. )    (10)  Sept.  8. 

Georgia  Till  Basket  and  Paducah  Factory.*    (46)  Sept.  8. 

The  5.000-Horse-Power  Engine  at  the  World's  Fair.*    C.  J.  Larson.    (14)  Sept.  10. 

Mechanical  Cooperage.*    Day  Allen  WUley.    (19)  Sept.  10. 


*  Illustrated. 
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Mechanical— (Continued). 

The  Buckeye  Traction  Ditcher>    Frank  C.  Perkins.    (46)  Sept.  10. 

PosaibiUtles  of  Peat  as  Fuel.    (46 )  Sept.  10. 

Les  Turbines  H  Vapeur.*    O.  Hart.    (3a)  June. 

Notes  BUT  la  Dynamique  de  rA6roplane.*    A.  ValUer.    (37)  July. 

Turbines  k  Vapeur.*    F.  J.  Warburdon.    (Tr.  fr.  tbe  English  by  Jean  Gr6goire. )    (34) 

Aug. 
Carburateurs  pour  Moteurs  k  AlcoOl.*    Ren6  Dhomm6e.'  (36)  Aux.  10. 
Nouveauz  Systdmes  d'AUumage  des  Bees  k  Incandescence  par  le  Qaz.*    H.  Qu^rln. 

(33)  Aug.  18. 

Metallurgical. 

The  Manufacture  of  Pig  Iron  from  Briquettes  at  Herrftng.^    Henry  Louis;    (71 )  Vol.  66. 

The  Range  of  Solidification  and  the  Critical  Ranges  of  Iron-Carbon  Alloys.^  H.  C.  H. 
Carpenter,  and  B.  F.  E.  Keeling.    (711  Vol.  63. 

The  Influence  of  Varying  Casting  Temperature  on  the  Properties  of  Steel  and  Iron 
Castings.    Percy  Longmulr.    (71)  vol.  66. 

Pyrometers  Suitable  for  Metallurgical  Work.    (71)  Vol.  66. 

Troosiite.*    Henry  Cook  Boynton.    (71)  Vol.66. 

The  Synthesis  of  Bessemer  Steel.^    F.  J.  R.  CaruUa.    (71)  Vol.  65. 

The  Thermal  Efficiency  of  the  Blast-Furnace.    W.  J.  Foster.    (71 )  Vol.  65. 

The  Plastic  Yielding  of  Iron  and  Steel.    Walter  Rosenhain.    (71)  Vol.65. 

The  Chemistry  of  AUovs  for  Naval  Use.    (8 )  July. 

Steel  for  Chansre  Speed  Gears.*    O.  The  liner.    ( From  Der  Motoncagen. )    (47)  July  80. 

The  Equipment  of  a  Copper  Smelting  Plant.    (41  >    Aug. 

Blast^Pumacesin  the  Ural.  J.  Bicheroux.  (From  Revue  Univeraelle  des  Mines.)  (16) 
Aug.  4. 

Present  Practice  of  Cyanidation  in  the  Black  Hills.  William  Vagenau.  (16)  Serial  be- 
ginning Aug.  11. 

Recent  Advances  in  Electro-Chemistry.  Bertram  Blount.  (29)  Serial  beginning 
Aug.  12. 

Electric  Smelting  Experiments  t'>r  the  Manufacture  of  Ferro-Nickel  from  Pyrrhotite.* 
Ernst  A.  SJSstedt.  (Abstract  of  Paper  read  before  the  Amer.  Eleetro-Cnem.  Soc.) 
(75  >  Aug.  19. 

Sfime  Notes  on  Alloys  of  Lead.  Tin,  Antimony,  etc.    L.  Parry.    (68)  Auk.  18. 

Chemical  Characteristics  of  Limonite  (Brown  Hematite)  Iron  Ores.  F.  Lynwood  Garri- 
son.   (16)  Aug.  18. 

New  Method  of  Manufacturing  Steel.    John  P.  Bray.    (46)  Aug.  00;  ^6a)  Aug.  18. 

The  1>etermination  of  Lead,  Iron,  Lime,  Sulphur,  Cadnoium  and  Copper  in  Commercial 
Zinc  Ore!*.    W.  Geo.  Waring.    (16)  Aug.  «. 

Stamp  Mill  Practice  in  South  Africa.*    F.  C.  Roberts.    ( 16)    Aug.  96. 

Change  of  Structure  in  the  Solid  State.*    W.  Campbell.    (3)  Sept. 

Fire  Assaying:  A  Description  of  the  Apparatus  Commonly  Used  and  the  Methods,  the 
Reagents  and  Some  of  the  Reactions.*    Evans  W.  Buskett.    (43)  Sept. 

The  Analyzing  and  Grading  of  Iron  Ores.    Edward  A.  Separk.    (13)  Sept.  1. 

Tltaniferoufl  Iron  Ores.    N:  P.  Hulst.    ( 16  >  Sept.  1. 

The  Pot  ter  Process.*    Donald  Clark.    (16)  Sept  8. 

Recherches  sur  les  Aciers  au  Molybddne.*    Leon  Guillet.    (33)  Aug.  18. 

Military. 

The  Herstal  National  Armory.*    E.  Guarini.    (41)  July. 

Military  Free-  Hand  Sket  chlng.*    ( 44)  JSept.-Oct. 

Value  to  Sea-Coast  Forts  of  the  Land  Defense.    W.  W.  Harts.    (44)  Sept. -Oct. 

Signal  Service  in  Modem  Warfare.*    M.  C.  Sullivan.    (46)  Sept.  10. 

JHInlng. 

Winding  Plants  for  Great  Depths.*    Hans  C.  Behr.    (74)  Vol.  11. 

The  Mine  Explosion  at  Johnstown.*    M.O.Moore.    (3)  Aug. 

The  Use  of  Steel  for  Coal  Mine  Tipples,  and  a  ClAsslffcation  of  Same.*    Georgre  S.  Rice. 

(4)  Aug. 
Mercur  Mining  Methods*    Geo.  H.  Dem.    (45)  Aug. 
Segundo  Coke  Plant.*    R.  M.  Hosea.    (45)  Aug. 
Compressed  Air  in  Quarrying.*    (45)  Aug.;  (18)  Aug.  6. 
Hoisting  Drums  *    U.  L.  Auchmuty.    (45)  Aug. 
Frictional  Resistance  of  Pit  Cars.*    D.  E.  Rust.    (4K)  Aug. 
Hoisting  Equipment  of  a  French  Colliery.*    L.  Saclier.    (From  Revue  UniveraeUe  de* 

Mines.)    (16)  Aug.  4. 
The  Lookout  Mountam  Iron  Company:  Description  of  the  Corapany^s  Property  and 

Plant  at  Battelle.  AU.*    (ao)  Aug.  4. 
WaterlntheWitwaterprandMinex.*    T.  Lane  Carter.    (16)  Aug.  11. 
Electric  vs.  Compressed  Air  Power  for  Mines.    (6a)  Aug.  11. 
Coal  Handling  Plant  at  the  Douglas  Bank  Colliery,  Wigan.*    (aa)  Aug.  12. 
The  Ehrenfeld  Colliery.*    r  16)  Aug.  18. 
Dover  Colliery.*    (la)  Serial  beginning  Aug.  19. 
A  Contrast  in  Cleveland  (Ironstone  Mining).*    (aa)  Aug.  19. 

*  lUustrated. 
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Mlttlns— (Contlnned ) . 

Electricity  in  Coalmines.    (37)  Aug.  19. 

Square  Set  Practice  at  Bingbam.  Utah.*    Louis  S.  Gates.    (16)  Aug.  25. 

Surveying  and  Mapping  of  Flat  Coal  Mines.    Charles  H.  Thompson.    <  16)  Aug.  86. 


Samnfing,  Analyses  and  Preparation  of  Coal.    F.  B.  Wadleigh.    (15)  Aug.  80. 

The  Mines  and  Mineral  Industries  of  Italy.*    Enrico  Bigoami.    (p)  Sept. 

Coal  Mining  At  Louisiana  Purchase  Exposition:  I>escription  of  Models  Showing  Works 


of  Some  of  the  Large  Bituminous  Coal  Companies.*   (4x)  Sept. 
Electric  Gathering  Locomotive:  An  Adaptation  of  the  Ormnary  Trolley  Locomotive  so 

that  It  May  Enter  Booms  in  Which  Wires  Have  Not  Been  Installed.*    (45)  Sept. 
Economic  Points  in  Quarry  Practice:  The  Action  of  Explosives:  Estimating  the  Direc- 
tion and  Amount  of  Bock  Pressure.*    G.  H.  Howarth.    (45)  Sept. 
Underground  Boiler  Plants  at  Pratt  Coal  Mines  in  Alabama.*    Erskine  Bamsay.    (45; 

Sept. 
Trials  of  Bock  Drills.*    J.  B.  Carper.    (45)  Sept. 
Bock  Salt  Mining:  Description  or  the  Deposit  and  the  Methods  Employed  at  the  Plant 

of  the  Boyal^lt  Co.,  at  Kanopolls,  Kansas.*    W.  B.  Crane.    (45)  Sept. 
A  Quihal  Fan  with  Volute  Casing.*    E.  Lagage.    (From  Bevue  Universetle  des  Mines.) 

(16)  Sept.  1. 
Sinking  through  Quicksand  at  the  Susquehanna  Mine.*    H.  B.  Sturtevant.    (Paper  read 

before  the  Lake  Superior  Mln.  Inst.)    (16)  Sept.  1;  (14)  Sept.  10;  Abstract  (13) 

Sept.  8. 
Dust  Chamber  Design.*    Max  J.  Welch.    (16)  Sept.  1. 
La  Traction  Pneumatique  (Traction  par  Locomotives  &  Air  Comprim6)  dans  les  Mines 

des  Etats-Unis.    A.  de  Gennes.    (3a)  June.  * 

Le  Bemblayage  par  TEau  dans  les  Mines.*    H.  Schmerber.    (33)  Serial  be^nning  July 

*^- 
Machine  d^Extraction  du  Puits  Colusa  &  Butte  (Etats-Unis).*    (33)  Aug.  18. 
Les  Compresseurs  d' Air  a  (>>mmande  tilectrique  pour  les  Installations  Souterraines.* 

H.  Denis.    (36)  Serial  beginning  Aug.  26. 

Mlscellaaeous. 

Explosions  Produced  by  Ferro-SUicon.    A.  Dupr6  and  M.  B.  Lloyd.    (71)  Vol.  (S6. 

Engineers'  Estimates  of  Cost.    S.  Whinery,  M.  Am.  Soc.  C.  E.    (13)  Aug.  11. 

Some  Operating  Figures  of  a  New  York  Office  BuOding.    ( 14)  Aug.  27. 

Moeely  Edacational  Commission  (Amer.  Eng.  Schools).    W.  Bipper,  M.  Inst.  C.  E.    (19) 

Serial  beginning  Aug.  27. 
Mathematics  in  Engineering.    Thorbum  Beid.    (10)  Sept. 

Municipal. 

City  Owned  Street  Cars.    Walter  C.  Hamm.    (14)  Aug.  6. 
Automobile  Steam  Fire  Engines.*    M.  Beichel.    (la)    Aug.  12. 
Municipal  Asphalt  Plants.    (14)  Aug.  20. 
Brick  Favements  in  Seattle.    (14)  Aug.  27. 

Effets  des  Gouderonnages  Ex^ut^s  en  1008  dans  le  D6partementdeSeine-et-Mame.  (43) 
2e  Trimestre,  1904. 

Railroad. 

The  Effects  of  Annealing  on  Steel  Balls.*    Thomas  Andrews,  M.  Inst.  C.  E.,  and  Charles 

Beginald  Andrews.    (63)  Vol.  166. 
Steel  Axles.    J.  L.  Beplogle.    (61)  May  17. 

The  Electric  Headlight  as  a  Safety  Appliance.*    J.  A.  Carney.    (61)  May  17. 
Specifications  for  Cast  Iron  Wheels  for  60  000,  80  300  and  100  OOO-lb.  Cars.*    (13)  June  30. 
Imdland  Bail  way  Company's  Steamship  dervice.*    (11)    Serial  beginning  July  29. 
The  Storage  Battery  as  Applied  to  Electric  Ballways.    W.  E.  Winship.    (3)  Aug. 
Hprague's  Multiple  Unit  S\  stem  of  Electric  Traction.    (3)  Aug. 
Bailroad Signaling.*    G.E.Ellis.    (4)  Aug. 
The  Boehm  system  of  Electrically  Lighting  Trains.*    (2t)  Aug. 
80  Ton  Covered  (ioods  Wagon:  Great  Western  Bailway.*    (ai)  Aug. 
New  Compound  Fastening  for  Bails  and  Chairs.*    ( ai  >  Aug. 
The  Edison  Storage  Battery  for  Bailway  Carriage  Lighting.    E.  E.  Gold.    ( Abstract  of 

Paper  read  before  the  Sout.hem  and  South  Western  Ry.  Club.)    (ai )  Aug. 
Heavy  Passenger  Locomotive,  Chicago  &  Alton  By.*    (39)  Aug. 
Locomotive  TeetinK  at  the  St.  Louis  Exposition.    (30)  Aug. 
Some  Interesting  Examples  of  Steel  CouFtruction  in  Car  I>e8ign.*(39)  Aug. 
High-Speed  Monorail  Model  at  St.  Louis.*    John  C.  Small.    (41 )  Aug. 
A  Bailway  Steam  Shovel  of  New  Design.*    (13)  Aug.  4;  (14)  Aug.  «;  (i8)  Aug.  18:  *a5) 

Sept.;  (16)  Sept.  1. 
Some  Recent  Works  of  Bailway  Tunnel  Improvement.*    (13;  Aug.  4. 
Mallet  Articulated  Locomotive  at  the  St.  Louis  Exhibition.*    H.  W.  Hanbury,  Asroc. 

M.  Inst.  C.  E.    (II)  Aug.  6. 
The  Mexican  Central  Shops  at  Aguascalientes.*    C.  T.  Baylees.    (15)  Serial  beginning 


Aug.  6;  (40)  Serial  beginning  Aug.  12;  (as)  Sept. 
w  Stations  on  the  St.  Louis  &.  San  Francf 


New  Stations  on  the  St.  Louis  &.  San  Francisco.*    ( 15)  Aug.  5. 

The  Electrical  Engineer  and  the  Steam  Boad.    Howard  S.  Knowlton.    ra6)  Aug.  5. 

""~~"  *  inustrated. 
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Railroad— (Continued ). 

A  Four-Cylinder  Balanced  Compound  with  Super- Heater.*   (40)  Aug.  5. 
Substructure  for  the  New  Union  Station,  Washintrton.*    <  14)  Serial  beglnnlnir  Aug.  8. 
Extension  of  the  Third  Rail  System  of  the  Paris  Orleans  Railway.*    (17)  Aug.  «. 
Best  Results  by  Road  Foremen  of  Engines.    P.  fl .  Stack.    ( Paper  read  before  the  North  - 

West  Railway  Club.)    ( 18 >  Aug.  6. 
Egyptian  Rail  way  Administration  Works  at  Cairo.*    ( 18 )  Aug.  6. 
Four-Cylinder  Balanced  Compound  Locomotive  for  the  Prussian  State  Railways.*    (47) 

Aug.  6. 
The  (Guayaquil  &  Quito  Ry.,  in  Ecuador,  South  America.*  John  X.  Harman.  (13)  Aug.  11. 
LooomotiveTrials  with  Superheatedand  Saturated  Steam.    (6a)  Aug,  11. 
A  Review  of  the  Cast  Iron  Wheel  Situation.    C.  W.  Oennet,  Jr.    (15)    Aug.  18. 
Passenger  Terminal  at  Long  Island  City.*    (15)  Aug.  18. 
The  New  Locomotives  and  Motor  Cars  for  the  Paris-Orleans  Railway  Co.*    M.  Vingoe. 

(73)  Aug.  12. 
German  High-Speed  Three  Cylinder  Compouhd  Locomotive.*    (18)  Aug.  18. 
Electrical  Fquipment  of  the  Wreat  Northern  &  City  Ry.*    (18)  Aug.  18. 
The  Mount  Pllatus  Railway.  Switzerland.*    Emfle  Ouarint.    (46)  Aug.  18. 
New  Terminal  Works  and  Electric  Traction  of  the  Paris  &  Orleans  Ry.  at  Paris,  France. 

(13)  Aug.  18. 
Hot  Springs  and  the  Simplon  Tunnel.*    (la)  Aug.  19. 

lOO.OO&lb.  Coke  Cars  for  the  Chicago.  Lake  Shore  &  Eastern.*  (15)  Aug.  10. 
A  Third-Riil  Electric  Heailn?  System.  William  Qreenow,  Jr  (15)  Aug.  19. 
Electrification  of  Steam  Railways  in  England.    Philip  Dawson,  M.  Inst.  E.  E.    (40) 

Aiig.  19. 
Maintenance  of  Way  on  the  Panama  Railroad.*    (40)  Aug.  19. 

New  Roundhouse  and  Coal  Chutes  for  the  C.  G.  W.  Ry.  at  Oelwein,  la.*    (i8>  Aug.  80. 
Railway  Stock  Yards.*    C.  W.  Kelley.    (Paper  read  before  the  Iowa  Ry.  Club.)    (18) 

Aug.  80. 
The  Penn8>''1vanla  Railroad's  Tiack  Construction  for  City  Streets.*    (14)  Aug.  90. 
Power  Plant  of  the  Mexican  Central  Shops  at  Aguascalientes.*    ( 14)  Aug.  90. 
Heavy  Six- Wheel  Switcher  for  the  N^w  York  Central  R.  R.*    (18)  Aug.  20. 
The  Springfield.  Troy  &  llqua  Railway  Co.*    (7a)  Aug.  80. 
Screw  Spikes  for  Railway  Tracks.*    Hermann  von  Schrerk.    (13)  Aug.  96. 
General  Electric  Company's  New  Compensated  Motor  for  Railway  Service.*  (13)  Aug.  26; 

(IS)  Aug.  26;    (40)  Aug.  20;    (14}  Aug.  27;  (17^  Aug.  27;  (18)  Aug.  27;  (37)  Aug.  27. 
Locomotive  for  the  Londonderry  and  Lough  SwIUv  R  ulway.*    (11)  Aug.  86. 
Steam  Motor  Coaches,  Midland  Railway.*    (la)  Aug.  26. 
Concrete  Block  Freight  House  for  the  Chicago  Great  Western.*    (15)  Aug.  26. 
Ideal  Blacksmith  bhop  and  Equipment  for  General  Railroad  Work.    A.  W.  McCaslin. 

( Abstract  of  E^pei*  read  before  the  National  Assoc  of  Blacksmiths. )    ( 15)  Aug.  86. 
The  Vi'^nia  Avenue  Tunnel,  Washington.*    (14)  Aug.  27. 
A  Small  Freight  Shed  Umbrella  Roof.*    (14)  Aug.  27. 

The  Application  of  Electric  Traction  to  Lignt  Railways.    H.  Luithlen.    (17)  Aue.  27. 
Supplementary  Report  of  M.  C.  B.  Committee  on  Tank  Cars.*    (40)  Aug.  26;    .'18) 

Aug.  27. 
Grade  Reduction,  Omaha  and  Springfield  Divisions,  Illinois  Central  R.  R.*    ( 18)  Aug.  27. 
The  Development  of  the  Compound  Locomotive  in  England.*    W.  E.  Dalby.    (o)  Sept. 
Acetylene  Gas  for  Lighting  Railway  Cais.    E.  G.  Fisher.    (Paper  read  before  the  South- 
em  and  South  Western  Ry.  Club.^    (ai)  Sept. 
40  ton  Hopper  Wagons:  Caledonian  Railway.*    lai)  Sept. 
Badminton  Station,  Great  Western  Railway.*    (ai )  Sept. 
Permanent  Way  for  Belgian  Light  Railways.*    rai)  Sept. 
Highspeed  Steel  in  Railroad  Shops:  Its  (ireat  Advantages  and  How  to  Obtain  Them.* 

Henry  W.Jacob-,    (as)  Sept 
The  Schenectady  Super- He<iter  Locomotive.*    (ax >  Sept.;    C 13)  Sept  2;    (40)  Sept.  2. 
Passenger  Locomotive,  Michigan  Central  Hallroad:  4-6-2  (Pacmc)  Type.*    (33)  Sept. 
Performance  and  Repairs  of  ''  Big  Locomotives.*'  *    (ag)  Sept. 
Cutting  Test  on  Metal  Planer.*    J.  C.  Steen.    (as)  Sept. 
Powerful  Turret  Lathe  for RaUway  Shoos.*    (a!^ )  Sept. 
Foreign  High-speed  Steam- locomotive  Tests.    Frank  H.  Mason.    (41)  Sept. 
Oil  on  Railway  Roadbeds.    (60)  Sept. 
The  Ganz  Elall  Auto-Car.*    (13)  Sept.  2. 

Chicago  Freight  Houses  of  the  Baltimore  &  Ohio.*    (13)  Sept.  8. 
Signal  Batteries  in  Summer.*    H.  S.  Balliet.    (15)  Sept.  2. 
A  Double  Track  Concrete  Steel  Arch.    (13^  Sept  2. 

Extension  of  Suburban  Electric  Traction,  Paris-Orleans  Railway.*    (40)  Sept.  2. 
The  New  Engineering  Organization  on  the  Rock  Uland  System.*    (14)  Sept.  8. 
The  First  Street  Tunnel  at  >^  ashlngton.*    (14)  8<>rial  beginning  Sept.  8. 
Concerning  Block  S'gnal  Practice.    R.  G.  Campbell.    (Abstract  of  Paper  read  before 

the  Iowa  Ry.  Cluo.)    (18)  S^pt.  8. 
Study  of  Color  Perception  in  Relation  to  Distant  Signal  Liarhts.    Mortimer  Frank.    <  Ab- 
stract of  Paoer  read  before  the  International  Assoc,  of  Ry.  Surgeons  and  the  Amer. 

Academy  of  Ry.  Surgeons. )    ( 18 )  Sept.  a. 
Heavy  Passenger  Locomotive:  2-6-2  Type:  Chicago,  Burlington  &  Quincy  Railway.* 

(13)  Bept. 

*  lUustrated. 
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RaUroMl-(CoatlnMd) . 

The  Cattori  System  of  Electric  Bailways.    ( 1 9)  Sept.  8. 

A  Year's  Work  on  the  Alaska  Central  Railway.*    A.  W.  Swanltz.    (13)  Sept.  8. 

A  Problem  In  Locating  Turnouts.*    C.  M.  Kurtz.    ( 13)  Sept.  8. 

Llicfatnlng  and  Automatic  Block  Signals.    U.  S.  Balliet.    (ik)  Serial  beginning  Sept.  9. 

New  Cars  for  the  Central  South  African  Ballroad.*    ( 15 )  siept.  9. 

The  Pielock  Superheater  for  Locomotives.*    (40)  Sept.  9. 

Atlantic  Locomotive  for  the  Wabash.*    (40)  Sept.  9. 

Wooden  Ties:  Selection  of  Kinds  and  Vrocesses  of  Preservation.  M.  Hausser.  (Be- 
printed  from  BuUetin  of  the  International  Railway  Congress.)    (40)  Sept.  9. 

The  Railway  Profile  Considered  with  Reference  to  Propelling  Power.  Wm.  D.  Pence. 
( Abstract  of  Paper  read  before  the  Indiana  Eng.  Soc. )    ( 14)  Sept.  10. 

Superheated  Steam  for  Locomotives  in  Germany.  Dean  B.  Mason.  (19)  Sept.  10;  (18) 
Aug.  6. 

Une  Explosion  de  Locomotive.*    R.  Bonnln.    (36)  July  £6. 

R^le  pour  la  Verification  de  TEtat  des  Voies  de  Chemins  de  Fer  et  de  la  Cote  de 
Caukge  des  Roues  des  Locomotives  et  Tenders.*    (3a)  Aug. 

Note  &  propoe  du  Nouveau  Wagon  de  40  Tonnes  de  la  Compagnie  du  Nord.  F61iz  Sar- 
tiaux.    (38)  Aug. 

Note  8ur  le  Chariot  Transbordeur  Alectrique  avec  Circulation  en  Courbe  de  la  Com- 
pagnie de  rOuest.*    M.  Pouchucq.    (38;  Aug. 

Railroad,  Street. 

The  Birkenhead  Electric  Tramways.*    Waude  Thompson.    (63)  Vol.  166. 

Notes  on  the  Construction  and  Setting-out  of  Tunnels  in  the  London  Clay.*  Hardington 

Arthur  Bartlett.    (63)  Vol.  156. 
The  Electrical  Beconstruction  of  the  South  London  Tramways  on  the  Conduit  System.* 

Alexander  Millar,  Assoc.  .M .  Inst.  C.  E.    (63 )  Vol.  156. 
Concrete-Steel  Stairway  Construction;  New  York  Bapid  Transit  Bail  way  Stations.* 

(13)  June  80. 
Streets  and  Street  Bailways  in  St.  Louis.*    (13)  June  80. 
Chicago's  Underground  Freight  Bailroad.*    (ao)  Aug.  4. 
The  New  Type  of  Elevated  Car  Without  Platforms,  Boston  Elevated  Bailway  Company.* 


iterC.  Hamm.    (14)  Aug.  6. 


(IS)  Aug.  6;  (17)  Aug.  6;  (7a)  Aug.  90. 

City  Owned  Street  Cars.  Walter  C.  Hamm.    .  _,        „ 

New  Larse  Power  Plant  at  New  Orleans.*    (17)  Aug.  6. 

A  Large  New  Steam  Turbine  Power  Plant  Installation  for  Dubuque,  Iowa.*  (17)  Aug. 
6;  (14)  Aug.  18. 

A  Bemarkable  Combination  Semi-Convertible  and  Convertible  Car  for  City  Service.* 
(17)  Aug.  6. 

The  Tramway  System  of  Sydney,  New  South  Wales.*    (17)  Aug.  6. 

The  Glasgow  Tramways,    (la)  Aug.  19. 

Baworth^s  Traction  Patents.*    (36)  Aug.  12. 

Power  Supply  to  Tramways  in  North  London.*    (73)  Serial  beginnlog  Aug.  12. 

A  Steel  PUe  Caisson  at  Omaha.*    (14)  Aug.  18. 

Extensive  Improvements  in  Elevated  Car  Equipments:  Brooklyn  Bapid  Transit  Com- 
pany.*   (17)  Aug.  18. 

Hot  Water  verms  Electric  Heaters.    B.  P.  Gorham.    (17)  Aug.  18. 

New  Storage-Battery  Plant  of  the  Northwestern  Elevated  Ballroad,  Chicago.*  (17) 
Aug.  18. 

Body  Framing  of  Modem  Interurban  Cars.*    Edward  C.  Boynton.    (17)  Aug.  18. 

ress  on  the  Harlem  Biver  Tunnel  of  the  New  York  Bapid  Transit  Ballroad.    (14) 

The  Beconstruction  Improvements  in  Equipment  of  the  Brookijm  Elevated  Cars.*  (17) 

Aug.  20. 
Instruction  Car  on  the  New  York  Subway.*    (17)  Aug.  90;  (46)  Aug.  87. 
Waste  of  Power  Because  of  Truck  Equipments.    W.  G.  Price.    (7a)  Aug.  20. 
A  New  Material  for  the  Insulation  and  Fire-Proofing  of  Electric  Cars.*    (7a)  Aug.  90. 
The  Electric  Railway  Test  Commission.    Cloyd  Marshall.    (17)  Aug.  20. 
One  Cause  of  the  Burning  Out  of  Motors,    w.  G.  Price.    (17)  Aug.  20. 
Notes  on  Street  BaUway  Systems  of  Buenos  Aires.*  Gulllemo  A.  Puente.  (7a)  Aug.  20. 
FowerPlantof  the  Interborough  Bapid  Transit  Co.,  New  York.  (7a)  Aug.  20;  (64)  Sept. 
Electric  Car  With  Six-Wheel  Trucks  and  Motors  of  800  H.  P.*    ( 13)  Aug.  26. 
New  Car  House  and  Shops  for  the  Twin  City  Bapid  Transit  Company.*    (17)  Aug.  27. 
Steel- Wheel  Practice  upon  the  New  York  City  Surface  Lines.    (17)  Aug.  27. 
Teats  by  the  Electric  Baflway  Test  Commission.*    (17)  Aug.  27. 
Storing  Coal  in  Worcester.*    ( 17)  Aug.  27. 

Bide-Door  Coaches  for  World's  Fair  Service.*    Charles  Alma  Byers.    (46)  Aug.  97. 
Foundations  of  the  Power  House  of  the  New  York  Bapid  Transit  B.  B.    (14)  Aug.  27. 
The  New  York  Bapld-Transit  Subway.*    H.  C.  Fyfe.    (o>  Sept. 
The  Future  of  Interurban  Electric  Bailways.    Ernest  Gonzenbach.    (15)  Sept.  2. 
A  New  Concrete  Paint  and  Overhauling  Snop:  Philadelphia  Bapid  Transit  Company.* 

(17)  Sept.  8. 
New  Extension  of  the  Hartford  &  Springfield.*    ( 17)  Sept.  8. 
Rails  and  Joints.    William  H.  Cole.    (17)  Sept.  8. 

*IUustrated. 
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RftllnMid— ( Contlnned). 

Draining  and  Steadying  Slips.*    (15)  Sept.  9. 
Completion  of  the  New  York  Subway.*    (46)  Sept.  10. 
The  Indiana  Northern  Traction  Company.*    ( 17)  Sept.  10. 
Car  Hottfie  Fire  Test  in  Cleveland.*    ( 17)  Sept.  10. 

Sanitary. 

Bacterial  Sewai^-Dlsposal  Works  at  Ash,  Dover.*    Hu^  Sextus  Watson.  (63)  Vol.  168. 
The  Deeiflm  of  a  Main  Outfall-Sewer.*    William  Henry  Haigh,  Assoc.  M.  Inst.  C.  E.  (63) 

Vol.  1B6. 
Sewage  Lifts  at  Douglas.*    (la)  July  99. 
Plumbers'  Work,  Past  and  Present.    W.  U.  Allen.    (70)  Aug. 
Water  Suyplv  and  Sewage  Disposal  Systems  for  the  House  and  stable  of  Eugene  8. 

BeynsI  Eisq.,  White  Plains.  N.  T.*    (70)  Aug. 
Tile  Drain  Laying.*  '  F.  N.  Pitkin.    (76)  Serial  beginning.    Aug. 
Small  Sewage  Disposal  Plants.*    (la)  Aug.  5. 

Highway  Embankment  across  Tidal  Flats  at  Lynn.  Ifass.*  (14)  Aug.  6. 
Operation  of  the  Providence  Sewage  Precipitation  Works.  (14)  Aug.  18. 
Home  Notes  on  the  Cost  of  Cinders  for  Sewage  Filter  Beds.    £mest  McCullough.    (13) 

Aug.  18. 
Sewage  Disposal  at  a  Country  Estate.*    (14)  Aug.  20. 
Seaside  Sewage  Disposal.    Arthur  J.  Martin,  Assoc.  M.  Inst.  C.  E.    (Abstract  of  Paper 


read  before  the  Royal  Inst,  of  Public  Health. )    (13)  Aug.  95. 
An  English  Fan  System  of  Sewer  Ventilation.    (14)  Aug.  97. 
Sewage  Purification.*    C.  M.  Glnther.    (19)  Aug.  87. 


Underdrainage  the  Baoe  of  Best  Soil  Improvement.    J.  J.  W.  Billingsley.    (Paper  read 

before  the  National  Brick  Manufacturers'  Assoc.)    (76)  Sept. 
The  New  Garbage  Cremator  at  Toronto.*    ( 14)  Sept.  10. 

Stmctoral. 

On  the  Besistance  of  Plane  Surfaces  in  a  Uniform  Current  of  Air.*    Thomas  Ernest 

Stanton.  Assoc.  M.  Inst.  C.  E.    (63)  Vol.  156. 
The  Use  of  Steel  in  American  Lofty-Building  Construction.*    B.  H.  Thwaite,  Assoc,  H. 

Inst.  C.  E.    (71)  Vol.86. 
Belationii  Between  the  Effects  of  Stresses  Slowly  Applied  and  of  Stresses  Suddenly  Ap- 

pUed  in  the  Case  of  Iron  and  Steel:  Comparative  Tests  with  Notched  and  Plain  Bars.* 

Pierre  Breuil.    (71)  Vol.  66,  Sup. 
The  Effects  of  the  Baltimore  Fire.*    W.  N.  Hasen.    (58)  May. 
Load  and  Fire  Test  of  Reinforced  Concrete  Floor.*    (13)  June  80. 
Specifications  for  Cement  Submitted  to  the  American  Society  for  Testing  Materials. 

(13)  June  80. 
Suggestions  for  Steel-Concrete  Construction.*   John  C.  Anderson.    (1)  July. 
The  Neto  York  Timea  Building.*    (8)  July. 

Some  Possible  By- Products  in  the  Portland  Cement  Industry.    (67)  July. 
Home  Attempts  to  Limit  the  Personal  Equation  in  Cement  Testing.    W.  A.  Aiken. 

(Paper  read  before  the  Amer.  Soc.  for  Testing  Materials.)    (67)  Jtuy. 
Tests  or  Beinforoed  Concrete  Beams.*    Arthur  N.  Talbot.    ( Paper  read  before  the 
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Aug.  4. 
The  American  Creosote  Works.*    (14)  Aug.  6. 

Substructure  for  the  New  Union  Station,  Washington.*    ( 14)  Serial  beginning  Aug.  6. 
The  Constitution  of  Portland  Cement  from  a  Phvsico-Chemical  Standpoint.    Clifford 
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The  object  of  this  paper  is  to  submit  a  set  of  specifications,  for 
the  struotnral  work  of  buildings,  for  discussion  and  criticism. 

As  this  subject  has  never  been  brought  before  this  Society,  it  is 
expected  that  an  exhaustive  discussion  will  bring  out  some  valuable 
suggestions  from  those  who  have  had  experience  in  building  construc- 
tion, and  that  this  maj  result  finally  in  a  more  uniform  practice  as 
well  as  in  more  uniformity  in  that  portion  of  building  ordinances 
relating  to  structural  work. 

These  specifications  were  prepared  originally  for  the  instruction 
and  guidance  of  the  engineers  employed  in  the  various  ofSces  of  the 
company  with  which  the  writer  is  connected.  They  were  to  be  used 
not  only  in  places  where  building  laws  do  not  exist,  but  also  to- 
supplement  those  local  building  laws  which  do  not  give  sufficient 
data. 

Since  then  the  writer  has  made  changes  and  revisions,  which,  in 

some  instances,  might  be  regarded  as  departures  from  the  usual 

NoTB.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  tho^e  who  cannot  be  present  at  the  meetinic,  and  may 
be  sent  by  mali  to  the  Secretary.  Discussion,  either  oral  or  written,  wiU  be  published 
in  a  subsequent  number  of  Proceedings^  and,  when  finally  dosed,  the  paper,  with  dis- 
cussion in  full,  wiU  be  pubUshed  in  Traneactione. 
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practice,  but,  beyond  this,  it  has  been  his  aim  to  select  what  he  con- 
siders the  best  practice  of  the  present  day. 

These  speciiications  are  intended  to  cover  only  the  structural 
features  of  buildings  of  the  modem  type,  in  which  steel  forms  a  part 
of  the  construction,  such  as  would  come  naturally  under  the  super- 
vision of  an  engineer,  and,  therefore,  they  are  not  intended  for  the 
building  trade,  but  for  the  use  of  educated  engineers. 

A  proper  and  timely  subject,  to  be  included  in  specifications  for 
structural  work  of  buildings,  is  that  of  steel-concrete  construction,  of 
which  a  great  deal  has  been  used  in  later  years  in  fire-proof  buildings, 
etc.  However,  as  this  Society  has  recently  appointed  a  committee  to 
investigate  and  report  on  this  subject,  it  was  deemed  advisable  to 
omit  steel-concrete  construction  from  these  specifications  until  the 
committee's  investigations  have  given  additional  light  on  the  gubject. 

The  Appendix  to  this  paper  contains,  in  tabulated  form,  extracts 
from  the  various  building  laws  which  the  writer  has  been  able  to 
obtain  up  to  the  present  time.  It  will  be  noticed  that  the  most 
striking  feature  in  these  building  laws  is  their  lack  of  uniformity  as 
to  the  specified  live  load.  The  minimum  live  loads  per  square  foot 
prescribed  for  floors  of  dwellings,  hotels  and  apartment  houses  vary 
from  40  to  75  lb.;  for  floors  of  office  buildings,  from  60  to  150  lb. ;  for 
public  assembly  rooms,  churches  and  theaters,  from  80  to  150  lb. ;  for 
schools,  from  75  to  1501b.,  etc.  To  make  the  variation  still  greater, 
some  building  laws  allow  a  reduction  for  columns  and  founda- 
tions on  the  permissible  live  loads  specified  for  floors;  others 
do  not. 

A  similar  variation  also  exists  in  the  permissible  unit  strains  al-* 
lowed  for  different  kinds  of  material. 

In  order  that  the  specifications  may  be  understood  properly,  it 
^wiil  be  necessary  to  explain  some  of  the  more  important  clauses,  and 
^ve  the  reasons  which  led  the  writer  to  adopt  them. 

Loads. 

Dead  Load, — The  dead  load,  or  the  weight  of  the  structure  itself » 
including  permanent  fixtures,  can  be  ascertained  easily  by  careful 
computation,  and  is  a  permanent  and  reliable  quantity. 

Live  Loa'L — Attention  has  been  called  to  the  great  difference  in  the 
live  loads  specified  by  the  various  building  laws  for  buildings  to  be 
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used  for  the  same  purpose,  the  differences  being  in  some  cases  more 
than  100  per  cent.  These  differences  should  be  harmonized,  and  a 
more  rational  method  of  loading  devised,  which  would  produce  a 
structure  of  ample  strength,  more  particularly  in  its  details  and  con- 
nections, without  waste  of  material  in  places  where  it  is  not  needed. 

The  writer's  attention  was  lirst  called  by  Theodore  Cooper,  M.  Am. 
Soc.  G.  E.,  to  the  irrational  practice  of  specifying  a  uniform  live  load 
per  square  foot;  he  thought  the  specified  live  loads  should  be  a  little 
more  than  mere  guesswork.  Since  then  the  writer  has  been  workiog 
in^accordance  with  these  suggestions,  following  the  lines  which  have 
been  recognized  for  years  by  engineers  in  specifying  live  loads  for 
bridges. 

The  possible  maximum  superimposed  or  live  loads  on  buildings 
for  special  purposes,  such  as  warehouses  or  stores  for  particular 
kinds  of  goods,  power-houses,  department  stores,  etc.,  after  their 
interior  arrangement  has  been  decided  upon,  can  be  accurately  deter- 
mined. 

However,  there  are  classes  of  buildings,  the  rooms  of  which  may 
be  occupied  for  various  purposes  at  various  times,  such  as  office 
buildings,  stores,  hotels,  apartment-houses,  dwelling-houses,  etc. 
Dwelling-houses  are  sometimes  used  for  ofSces,  and  rooms  in  office 
buildings  for  light  manufacturing  purposes. 

While  it  is  impossible  to  foresee  and  provide  for  all  possible  con- 
tingencies, it  is  within  the  limits '6f  possibility  to  provide  for  the 
varying  conditions  of  loading  which  may  occur  in  a  building  if  used 
for  the  purpose  for  which  it  was  intended. 

Live  Loads  on  Floors.— Mr.  C.  H.  Blackall  states*: 

*'  The  writer  has  repeatedly  counted  the  number  of  persons  in  the 
various  portions  of  theatres  and  music-halls,  without  once  finding, 
even  in  crowded  aisles  and  standing-room,  an  average  of  more  than  40 
or  50  lb.  per  sq.  ft.  extended  over  more  than  a  few  square  feet." 

This  agrees  also  with  the  writer's  observations. 

A  live  load  of  40  lb.  per  sq.  ft.,  therefore,  may  be  considered  tbe 
maximum  load  to  be  provided  for  as  a  distributed  load  for  ail  floors 
on  which  crowds  of  people  may  be  expected  to  congregate,  such  as  all 
kinds  of  rooms  in  dwelling-houBcs,  apartm«it-houses,  hotels,  office 
buUdings,  schools,  churches,  theatres,  concert  halls,  ballrooms,  drill- 
rooms,  etc. 

*  American  Architect,  Aufnist  26tli,  18B6. 
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Mr.  Blaokall,  in  con jimotioi)  with  Mr.' A.  G.  Everett,  made  a  thor' 
ongh  inyestigation  of  the  actual  existing  live  loads  of  three  office 
buildings  in  Boston.  These  loads  were  obtained  by  taking  the  actual 
weights  of  the  furniture  and  contents  and  the  greatest  number  of 
people  known  to  be  at  any  one  time  in  an  office,  the  average  weight  of 
one  person  being  estimated  at  150  lb.  The  greatest  load  was  found 
in  one  of  the  offices  of  the  Ames  Building,  amounting  to  40.2  'lb.  per 
sq.  ft. 

In  only  12 A%  of  the  offices  was  the  floor  load  in  excess  of  25  lb. 
per  sq.  ft.,  and  in  only  26%  did  it  exceed  20  lb.  per  sq.  ft.  The  great- 
est maximum  average  for  all  floors  of  any  one  of  the  three  buildings 
was  17  lb.  per  sq.  ft. 

In  accordance  with  these  data,  it  may  be  considered  safe  to  assume 
that  a  distribated  live  load  of  40  lb.  per  sq.  ft.  will  be  sufficient  to 
provide  for  a  crowd  of  people  as  well  as  for  the  ordinary  loads  carried 
on  floors  used  for  offices  or  similar  purposes. 

The  writer  has  investigated  this  subject  and  endeavored  to  dis- 
cover extreme  cases  in  order  to  And  a  method  of  concentrated  loading 
to  cover  the  same. 

For  this  purpose,  weights  of  all  kinds  of  furniture  were  collected 
and  their  contents  estimated.  The  weights  were  not  taken  as  they 
actually  existed,  but  as  they  would  be  if  completely  filled  with  the 
material  for  which  they  were  intended. 

It  was  found  that  the  ordinary  furniture,  such  as  desks,  tables, 
wardrobes,  counters,  chests,  small  safes,  etc.,  may  be  discarded  for 
extreme  loads.  The  heaviest  concentrated  loads  found  in  any  office 
were  safes. 

The  portable  safes  used  in  offices  rarely  ever  weigh  more  than 
5  000  lb.  with  contents.  This  load  may  be  carried  by  one  beam,  and, 
as  a  safe  of  this  weight  is  likely  to  be  placed  in  any  office,  every  floor 
joist  should  be  calculated  for  a  concentrated  load  of  5  000  lb.  in  any 
position. 

The  maximum  weight  of  safes  generally  used  in  dwelling-houses 
is  2  000  lb. 

The  heaviest  portable  safe  manufactured  weighs  16  000  lb.  and 
occupies  a  floor  space  of  69  by  45  in. 

Safes  of  such  excessive  weight,  however,  are  not  placed  on  floors 
of  office  buildings  in  which  no  special  provisions  are  made  for  them, 
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nnless  airangements  are  made  to  distribnte  the  load  over  at  least  sey- 
eral  beams. 

Id  offices,  the  weights  of  all  other  fomitnre  with  contents  do  not 
approach  that  of  safes. 

Only  a  few  cases  of  combinations  of  extreme  loads  were  fonnd  to 
produce  results  similar  to  that  of  a  concentrated  load  of  5  000  lb. 
They  were  as  follows: 

In  a  large  room  used  as  an  engineering  office,  a  number  of  cases 
with  drawers  holding  drawings  were  placed  in  a  double  row,  back  to 
back,  in  the  middle  of  the  room,  and  used  as  a  table  on  which  to  spread 
drawing^.  These  cases  were  81  in.  wide  and  36  in.  high,  weighing 
when  completely  filled  160  lb.  per  lin.  ft.,  or  both  together  320  lb. 
per  lin.  ft. ;  but  as  their  total  width  was  62  in.,  they  may  be  considered 
as  being  carried  by  two  beams. 

A  case  of  drawers  for  drawings,  31  by  44  in.  and  5  ft.  high,  if  com- 
pletely filled,  would  weigh  1  200  lb.  As  there  is  a  possibility  of  having 
a  whole  row  of  such  cases  placed  along  a  partition,  this  would  give  a 
load  of  326  lb.  per  lin.  ft. ,  which  may  extend  the  whole  length  of  a 
beam. 

The  weight  of  a  "  Wernicke  "  bookcase  about  6|  ft.  high  was  found 
to  be  170  lb.  per  lin.  ft.  when  completely  filled  with  books. 

A  row  of  bookcases  might  be  placed  on  each  side  of  a  partition  for 
the  whole  length  of  the  room,  in  which  case  the  load  would  be  340  lb. 
per  lin.  ft.  If  the  partition,  instead  of  running  parallel  to  the  beams, 
should  be  placed  at  right  angles  to  them,  and  if  the  beams  are  spaced 
at  the  usual  distance  of  5  or  6  ft.  apart,  the  concentrated  load  would 
be  only  from  1  700  to  2  040  lb.  on  each  beam. 

These  investigations  appear  to  indicate  that  a  concentrated  load  of 
5  000  lb.  on  any  point  of  a  beam,  and  a  uniform  load  of  about  340  lb. 
per  lin.  ft.  of  beam,  will  probably  cover  all  possibilities  of  extreme 
loading  of  floors  used  for  office  purposes. 

A  concentrated  load  of  5  0001b.  is  equivalent  to  the  following 
uniform  loads  per  linear  foot  of  beam  of  different  spans: 

Spans 10        20        30        40 

Uniformloadper  linear  foot....  1  000      500      333      250 

If  the  span  of  the  beam  is  30  ft.  and  more,  then  the  load  of  340  lb. 
per  lin.  ft.  would  govern.  However,  as  offices  are  rarely  more  than  30 
ft.  long,  and  as  the  probability  of  having  an  available  continuous  space 
of  more  than  30  ft.  on  each  side  of  a  partition  fully  occupied  with 
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bookcases,  completely  filled,  is  extremely  small;  and  when  it  is  con- 
sidered that  this  load  will  not  be  carried  entirely  by  one  beam,  the 
floor  acting  as  a  distribntor,  this  may  safely  be  neglected,  and  it  may 
be  assumed  that  a  concentrated  load  of  5  000  lb.  covers  all  ordinary 
contingencies. 

In  order  to  have  a  comparison  between  the  system  of  concentrated 
loading  and  the  nniform  loads  nsnally  specified,  Table  1  gives  the 
equivalent  loads  per  square  foot  for  beams  of  different  lengths  and 

spacing. 

TABLE  1. 


DmTAMcai  vMawwxH  CmrrssA  ov  Bbams,  nr  Fbbt. 

Span  of  beam, 

in  feet. 

4 

5 

6 

T 

10 

960 

900 

166 

148 

15 

106 

188 

HI 

95 

90 

196 

100 

88 

71 

96 

100 

80 

66 

67 

80 

88 

66 

56 

48 

85 

79 

87 

48 

41 

40 

09 

60 

49 

86 

The  application  of  a  concentrated  load  to  each  beam  has  the  addi- 
tional advantage  of  having  all  beam  connections  proportioned  for  a 
load  of  5  000  lb.,  and,  therefore,  not  only  obtains  stronger  connections 
and  additional  stiffness,  but  also  makes  provision  for  excessive  con- 
centrated loads  during  erection. 

A  concentrated  load  of  5  000  lb.  applied  to  floor  girders,  that  is, 
girders  which  carry  beams,  is  not  sufficient  to  cover  all  cases  of  ex- 
treme loading. 

By  laying  out  a  great  number  of  arrangements  of  office  floors,  with  - 
different  spacings  of  columns  and  beams,  and  by  applying  different 
combinations  of  maximum  loads,  it  was  found  that  a  uniform  load  of 
1  000  lb.  per  lin.  ft.  of  girder  will  generally  cover  all  possible  contin- 
gencies, unless  the  uniform  load  of  40  lb.  per  sq.  ft.  gives  greater 
results. 

The  floor  girders,  therefore,  have  to  be  tried  by  three  methods  in 
order  to  ascertain  which  gives  the  greatest  result: 

First. — For  a  concentrated  load  of  5  000  lb. ; 

Second. — A  uniform  load  of  1  000  lb.  per  lin.  ft. ; 

Third.  ~-A  uniform  load  of  40  lb.  per  sq.  ft.  of  floor  area. 

This  method  of  loading,  as  specified  for  office  buildings,  will  also 
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provide  ample  safety  if  any  rooms  should  be  used  for  light  mannfao- 
tnring  pnrposes. 

By  applying,  in  actual  examples,  the  rules  for  floor  loads  of  office 
buildings,  as  reoommenrded  by  the  writer,  it  is  found,  if  the  columns 
are  spaced  at  20  ft.  between  centers  in  either  direction,  and  the  beama 
at  5  ft.  between  centers,  that  the  live  load  on  the  beams  will  be  equiv- 
alent to  100  lb.,  and  on  the  girders  50  lb.,  per  sq.  ft.  of  floor  area. 

If  the  columns  were  spaced  at  25  ft.  betwe^i  centers^  and  the  beams 
5  f t. ,  as  before,  the  live  load  would  be  equal  to  80  lb.  per  sq.  ft.  on  the 
beams  and  40  lb.  per  sq.  ft.  on  the  g^ders. 

For  buildings  occupied  as  dwellings,  a  concentrated  load  of  2  OOO 
lb.  is  recommended  for  beams  and  a  uniform  load  of  500  lb.  per  lin.  ft. 
for  girders,  in  connection  with  a  uniform  floor  load  of  40  lb.  per  sq.  ft. 
_  As  it  ha?  been jldmoufitrated  that  a  uniform  load  of  40  lb.  per  sq. 
ft.  will  scarcely  ever  be  exceeded  by  a  crowd  of  people,  this  load, 
with  the  excess  loads  specified  for  office  buildings,  will  be  sufficient 
for  floors  of  schools,  churches,  theaters  and  places  where  seats  are 
provided,  but  for  places  where  strong  vibrations  may  be  expected,  such 
as  ballrooms,  drillrooms,  gymnasia,  etc.,  100^  should  be  added  to  the 
uniform  live  load  for  impact  and  vibrations,  and,  in  order  to  reduce  the 
deflections,  and  consequently  the  vibrations,  the  depth  of  the  beams 
and  girders  should  be  limited  to  one-fifteenth  of  their  span. 

Loads  on  Columns. 

It  has  been  the  practice  of  many  engineers  and  architects  to  allow 
smaller  live  loads  on  columns  than  those  specified  for  the  floor  system, 
or  to  reduce  the  loads  per  square  foot  of  floor  area  on  columns  from 
story  to  story  downward  toward  the  foundations.  Rules  to  that  effect 
are  also  incorporated  in  some  building  laws. 

In  the  specifications  proposed  by  the  writer,  the  rales  of  the  Kev 
York  building  laws  have  been  adopted,  viz,,  to  reduce  the  live  load 
on  oolamns  in  buildings  more  than  five  stories  high  5%  for  each  story 
(commencing  with  the  columns  carrying  the  second  floor  from  the 
top),  until  a  reduction  of  50^^^  is  reached. 

In  order  to  provide  for  any  possible  excessive  loads,  and  to  keep 
the  dimensions  of  the  lighter  columns  within  reasonable  limits,  it  is 
specified  that  columns  carrying  floor  loads  shall  be  proportioned  for  a 
minimum  live  load  of  20  000  lb. ,  and  the  proportion  of  length  divided 
by  least  radius  of  gyration  of  section  shall  be  limited  to  125. 
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Applying;  these  rules  to  the  oohimns  of  an  office  building  gives,  for 
the  columns  carrying  the  top  floor,  a  live  load  of  40  lb.  per  sq.  ft.  of 
floor  area  (unless  this  load  is  exceeded  by  the  concentrated  load  of 
20  000  lb.),  which  is  reduced  to  a  minimum  load  of  20  lb.  per  sq.  ft. 
This  agrees  very  closely  ^Hth  the  investigations  of  Messrs.  Blackall 
and  Everett,  who  found  the  average  maximum  live  load  on  any  oni9 
office  floor  to  be  40.2  lb.  per  sq.  ft.,  and  the  average  total  maximum  for 
any  one  building  to  be  17  lb.  per  sq.  ft. 

Loads  on  Foundations. 

Several  failures,  wjiich  have  ^resulted  from  unequal  settlement  of 
foundations,  have  demonstrated  that  it  is  of  the  utmost  importance 
that  foundations  should  be  proportioned  properly,  more  particularly 
those  nofc  on  solid  rock,  or  where  a  settlement  is  to  be  expected.  The 
reason  for  some  of  these  failures  was  that  the  foundations  were  pro- 
portioned for  the  theoretical  live  loads,  which  never  occurred.  During 
construction,  when  the  dead  loads  caused  a  settlement,  those  founda- 
tions which  received  the  smallest  amount  of  live  load,  therefore,  were 
strained  nearly  to  the  limit  of  the  permissible  pressure,  while  those 
with  a  large  amount  of  live  load  received  a  very  much  smaller  pressure 
per  square  foot,  thus  causing  unequal  settlement. 

For  many  years  it  has  been  the  practice  to  reduce  the  live  loads  on 
foundations  to  less  than  the  amounts  allowed  on  the  footing  of 
columns,  a  provision  which  also  exists  in  some  building  laws.  How- 
ever, as  the  average  live  load  in  a  fire-proof  building  is  only  20  lb.  (or 
less)  per  sq.  ft.,  and  the  dead  load  on  the  interior  columns  approxi- 
mately 100  lb.  per  sq.  ft.,  and  on  exterior,  columns  considerably  more; 
and,  as  the  foundations  have  generally  reached  their  maximum  settle- 
ment before  the  building  is  occupied,  it  seems  that  the  logically  cor- 
rect way  to  proportion  foundations  would  be  to  consider  the  dead 
load  only,  but  reduce  the  pressure  per  square  foot  so  that  the  permis- 
sible pressure  for  combined  dead  and  live  load  will  not  be  exceeded. 
Tot  example: 

The  base  of  that  foundation  which  gets  the  greatest  live  load  in 
proportion  to  the  dead  load  has: 

100  000  lb.  live  load, 
400  000  **    dead  load, 


500  OOO  '*    total  load. 


682  STRUOTURAL  DR8IGN  OF  BUILDINGS.  [Fbpen. 

The  permissible  pressure  on  the  base  of  the  foundation  is  2  tons,  or 

4  000  lb.  per  sq.  ft.,  and  this  foundation,  therefore,  wonld  require  an 

Ron  (\ni\ 
area  of      .  -^^    =  125  sq.  ft.,  which,  if  the  live  load  be  omitted, 

would  giye  a  pressure  of  3  200  lb.  per  sq.  ft.  for  dead  load  alone. 

Therefore,  all  foundations  in  this  building  should  be  proportioned  so 

that  the  pressure  from  the  dead  load  alone  will  not  exceed  8  200  lb. 

per  sq.  ft. 

Wind  Loads. 

All  structures  are  exposed  to  high  wind  pressures  occasionallj,  and 
there  have  been  many  disasters  caused  by  structures  having  been 
blown  down  by  the  wind.  All  cases  of  this  kind  can  be  traced  to 
inadequate  provision  in  the  design  to  resist  these  forces.  It  is  not 
sufficient  to  compute  the  wind  strains  on  the  exposed  surface  of  the 
finished  building  and  depend  upon  the  walls  and  partitions  for  brac- 
ing. The  steel  frame  of  a  building  is  generally  run  up  ahead  of 
the  walls  and  partitions.  In  several  instances  the  framework  of 
buildings  has  been  wrecked  during  erection,  or  has  been  blown  out  of 
plumb  and  has  had  to  be  pulled  back  into  place.  Sometimes,  tem- 
porary wooden  braces  or  temporary  adjustable  rods  have  been  used  to 
hold  the  framework  in  line  during  erection.  In  one  case  the  frame- 
work was  so  flimsy  and  shaky  that  the  erectors  were  afraid  to  work  on 
it,  and,  in  order  to  make  it  safe  during  erection,  tied  it  together  with 
wire  ropes.  Certainly,  this  was  not  good  practice.  The  steel  frame 
of  a  building  should  be  treated  as  an  independent  structure,  the  same 
as  the  towers  of  a  viaduct,  and  should  be  able  to  resist  the  wind  forces 
on  all  surfaces  exposed  during  erection.  This  should  be  accomplished 
by  substantial  bracing,  or  by  designing  the  columns  and  connections 
80  that  they  may  be  able  to  resist  the  bending  strains  produced  by 
wind  pressure.  No  temporary  makeshifts  should  be  allowed.  This 
method  has  the  advantage  of  imparting  additional  stiffness  to  the 
framework. 

In  proportioning  the  members  of  the  structure  for  these  temporary 

wind  strains,  it  is  permissible  to  allow  a  higher  unit  strain  than  for 

permanent  work,  say  20  000  lb.  per  sq.  in.,  or  about  two-thirds  of  the 

elastic  limit. 

Unit  Strains. 

The  permissible  pressure  allowed  on  foundations  on  different  kinds 

of  soil,   on  concrete,   masonry,  brickwork,  etc.,  have  been  compiled 

from  different  sources. 
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The  permissible  nnit  strains  on  steel  are  specified  as  16  000  lb.  per 
sq.  in.,  which  is  approximately  one-half  of  the  elastic  limit;  therefore, 
giving  a  factor  of  safety  of  2.  This  is  in  accordance  with  the  best  prac- 
tice now  in  yogne  for  bridge  work. 


Matbbiaii  and  Wobxuanship. 

It  was  not  deemed  necessary  to  inclnde  in  these  specifications  the 
quality  of  the  ordinary  bnilding  material,  snch  as  cement,  concrete, 
stone  masonry,  brickwork,  etc.,  as  most  of  that  material  is  of  a  local 
character  and  is  generally  well  coyered  by  architects*  and  engineers' 
specifications. 

Cast  Iran. — This  is  practically  rnled  ont  in  these  specifications,  as 
it  is  the  poorest  of  all  metals  used  for  structural  purposes  to  resist 
bending  and  tension.  lb  has  been  the  cause  of  several  disasters,  and, 
in  bridge  work,  has  been  entirely  abandoned  for  many  years.  The  use 
of  cast  iron  in  columns  with  the  usual  beam  connections  is  to  be  partic- 
ularly condemned,  as  the  beams  are  supported  by  lugs  or  brackets  oast 
on  the  columns,  thus  producing  eccentric  loading  and  bending  strains. 

Rollsd  Steel,  ^This  material,  of  the  grade  called  <*  structural  steel," 
adopted  by  the  American  Railway  Eogineering  and  Maintenance-of- 
Way  Association  for  bridge  material,  is  specified  for  all  structural 
parts,  as  it  is  considered  the  most  reliable  for  structural  purposes. 
It  is  moreover,  a  commercial  article  which  can  be  purchased  from  any 
reputable  manufacturer  without  extra  cost. 

The  specifications  for  material  and  workmanship  are  practically  the 
same  as  those  adopted  by  the  American  Bailway  Engineering  and 
Maintenance- of -Way  Association,  as  far  as  they  were  applicable  to 
structural  work  for  buildings. 

These  specifications  are  divided  into  two  parts: 

Parti. — This  contains  the  information  necessary  for  computation 
And  designing,  such  as  loads,  unit  strains  and  details  of  construction. 

Part  11. — This  covers  the  quality  of  material,  the  workmanship  and 
the  inspection. 

This  division  is  made  so  that  each  part  may  be  used  separately: 
Part  I  in  the  office,  by  the  designer,  and  Part  II  in  the  shop,  by  the 
manufacturer  and  inspector,  and,  for  this  reason,  the  paragraphs  in 
each  part  are  numbered  separately. 


684 


STBUCTUaAL  PSSEOK  OF  BUILDINQS. 


[Papera, 


GENERAL  SPECIFICATIONS  FOR  STRUCTURAL  STJEaEaLWORK 
OF  BUILDINGS. 

PART  L -DESIGN. 

Loads. 

i. — Dead  Load. — Tlie  "  dead  "  load  in  all  structnreB  shall  consist 
of  the  weight  of  walls,  floors,  partitions,  roofs  and  all  other  perma- 
nent constmction  and  fixtures. 

2.— In  ealoulating  the  ''  dead  "loads,  the  weights  of  the  different 
materials  shall  be  assnmed  as  given  in  Table  16. 

3.— Live  Load  on  Floors.— -T&hle  2  gives  the  "live"  load  on  floors, 

to  be  assnmed  for  different  classes  of  buildings.     These  loads  consist 

of: 

a. — ^A  uniform  load  per  square  foot  of  floor  area; 

b. — A  concentrated  load  which  shall  be  applied  to  all  points  of 

the  floor; 
c. — A  uniform  load  per  linear  foot  for  girders. 
The  maximum  result  is  to  be  used  in  calculations. 
The  specified  concentrated  loads  shall  also  applj  to  the  floor  con- 
struction between  the  beams  for  a  length  of  5  ft. 

TABLE  2.— Live  Loads. 


Classes  of  buildings. 


LiYB  Loads,  in  Poukds. 


Distributed   Concentrated 
load.        I        load. 


Load  per  linear 
foot  of  girder. 


Dwellings,  hotels  and  apartment-houses 

Office  buUdings 

Assembly  rooms  with   fixed   seats,  like 

theaters,  churches,  schools,  etc 

Assembly  rooms,  without  fixed  seats,  like 

ballrooms,  gymnasia,  armories,  etc .... 

Stables  and  carriage  houses •. 

Ordinary  stores  and  light  manufacturing 

Sidewalks  in  front  of  buildings 

Warehouses  and  factories 

Charging  floors  for  foundries 

Power-houses,  for  uncovered  floors 


40  I 

'      40  ' 

80  ' 
70 

40  I 

100  I 

from  120  up  I 

..     800  •*  ' 

"     200  • 


8000 
5000 

6000 

6000 
5000 
8000 
10  000 
Special. 


500 
1000 

1000 

1000 
1000 
1000 

Special. 


I  The  actual  weights  of  en- 
gines, boilers,  stacks,  etc..  shall 
be  used,  but  in  no  case  less 
than  200  ib.  per  sq.ft. 


^.— If  heavy  concentrations,  like  safes,  armatures,  or  special  ma- 
chinery, are  likely  to  occur  on  floors,  provision  should  be  made  for 
them. 
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5, — Craiie  Loads  and  Impact.— -For  stmotiireB  carrying  traveling 
maohinery,  such  as  oranee,  conveyors,  etc.,  25%  shall  be  added  to  the 
'  strains  resulting  from  such  live  load,  to  provide  for  the  effects  of  im- 
pact and  vibrations.     (For  crane  loads,  see  Table  17.) 

6, — Loads  on  Flat  Roqfs, — Flat  roofs  of  oflSce  buildings,  hotels, 
apartiment-honses,  etc.,  which  are  likely  to  be  loaded  by  crowds  of 
people,  shall  be  treated  as  floors,  and  the  same  live  loads  shall  be 
used  as  specified  for  hotels  and  dwelling-honsee. 

7. — Loads  on  Ordinary  Roofs. — Ordinary  roofs  shall  be  propor- 
tioned to  carry  the  following  loads  per  square  foot  of  exposed  surface, 
applied  vertically,  to  provide  for  dead  and  live  loads  combined : 

Chravel  or  com-  f  On  boards,  flat  pitch,  3  to  12  in.,  or  less 45  lb. 

position'!  On  boards,  steep  pitch,  more  than  3  to  12  in .  40 

roofing.  I  On  3-in.  flat  tile  or  cinder  concrete 55 

Corrugated  sheeting,  or  boards  or  purlins 50 

^,  4  On  boards  or  purlins 50 

Slate.  { 

{  On  3-in.  flat  tile  or  cinder  concrete 65 

Tile  on  steel  purlins 55 

For  roofs  in  climates  where  no  snow  is  likely  to  occur,  reduce  the 
foregoing  total  loads  by  10  lb.  per  sq.  ft. 

8. — Large  Roofs, — Large  roofs,  such  as  train-sheds,  armories,  pub- 
lic halls,  etc.,  shall  be  proportioned  to  carry,  in  addition  to  their  own 
weight: 

A  live  load,  representing  snow,  per  horizontal  square  foot  of 
roof  of: 

15  lb.  for  all  slopes  not  exceeding  35^; 

10  lb.  for  all  slopes  between  35  and  45  degrees. 

The  possibility  of  a  partial  snow  loading  has  to  be  considered. 
The  snow  load  can  be  neglected  in  certain  climates,  also  in  roofs  hav- 
ing slopes  exceeding  45^,  if  there  are  no  snow  guards  or  other  ob- 
structions. . 

9. — Loads  on  Columns. — For  columns,  the  specified  uniform  live 
loads  per  square  foot  shall  be  used,  with  a  minimum  of  20  000  lb.  per 
column. 

10. — Reduction  qf  Live  Load  on  Columns.— For  building  more  than 
fiTC  stories  in  height,  these  live  loads  may  be  reduced  as  follows : 
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For  roof  and  top  floor,  no  redaction; 

For  each  succeeding  lover  floor,  a  reduction  of  b%  until  50%  is 
reached,  which  is  to  be  nsed  for  the  columns  of  all  re- 
maining  floors,  viz.,  the  reduced  load  is  to  be  used  for 
the  total  floor  area  carried  by  the  column.  j 

11, — Loads  on  Foundations. — The  live  loads  on  foundations  shall 
be  assumed  to  be  the  same  as  for  the  footings  of  columns.     The  areas  | 

of  the  bases  of  the  foundations  shall  be  proportioned  for  the  dead  load 
only.     That  foundation  which  receives  the  largest  ratio  of  live  to  dead  | 

load  shall  be  selected  and  proportioned  for  the  combined  dead  and 
live  loads.    The  dead  load  on  this  foundation  shall  be  divided  bj  the  I 

area  thus  found,  and  this  reduced  pressure  per  square  foot  shall  be 
the  permissible  working  pressure  to  be  used  for  the  dead  load  of  all 
foundations. 

12. —  Wind  Pressure. — The  wind  pressure  shall  be  assumed  at  30 
lb.  per  sq.  ft.  acting  in  either  direction  horizontally  : 

First. — On  the  sides  and  ends  of  buildings  and  on  the  actually  ex- 
posed surface,  or  the  vertical  projection  of  roofs; 
Second. — On  the  total  exposed  surfaces  of  all  parts  composing  the 
metal  framework.    The  framework  shall  be  considered  an 
independent  structure,  without  walls,  partitions  or  floois. 

Unit  Stbainb. 
Substructure. 
13. — Foundations. — Permissible  pressure  on  foundations,  in  tons 
per  square  foot: 

Soft  clay  and  wet  sand 1 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm,  coarse  sand 4 

Firm,  coarse  sand  and  gravel 6 

14. — Jfo^onry. —Permissible  working  pressure  in  masonry,  in  tons 
per  square  foot : 

Common  brick,  lime  mortar 7 

''  '*     Bosendale  cement  mortar 8 

**  **     Portland  cement  mortar 10 

Hand-burned  brick,  Portland  cement  moziar 12 

Rubble  masonry,  lime  mortar 5 

**  **        BoHendale  cement  mortar 6 

**  **        Portland  cement  mortar 8 

Coursed  rubble,  Portland  cement  mortar 10 
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Concrete  for  "walls: 

Boseodale  cement,  1-2-5 8 

*'                 **        1-2-4 9 

Portland         '*        1-2-6 15 

1-2-4 ; 16 

•  

15, — Pressure  on    WalUPlcUes, — The  pressure  of  beams,  girders, 

wall-plates,  colnmn  bases,  etc.,  on  masonry  shall  not  exceed  the  fol- 
lowing, in  pounds  per  square  inch: 

On  brickwork  with  cement  mortar 150 

•*  rubble  masonry  with  cement  mortar 150 

'<  Portland  cement  concrete 250 

'<  flrst-class  masonry,  sandstone 200  to  800 

"      •*      •*  **  limestone 300  to  500 

"      '«      "  "         granite 400  to  800 

16, — Bearing  Power  (^  Piles, — The  maximum  load  carried  by  any 
pile  shall  not  exceed  40  000  lb.  Piles  driven  in  loose,  wet  soil  shall 
not  be  strained  to  more  than  850  lb.  per  sq.  in.  of  their  average 
cross-section. 

The  safe  load  on  wooden  piles  shall  be  determined  by  the  fol- 
lowing formula:* 

p_2  WH 

Where  P  =  safe  load  on  pile,. in  tons; 

H  ==  distance  of  free  fall  of  hammer,  in  feet; 
s  =  penetration  of  the  pile  for  the  last  blow,  in  inches. 

Superstructure. 
Steel 
17, — Permissible  Strains, — All  parts  of  the  structure  shall  be  pro- 
portioned so  that  the  sum  of  the  dead  and  live  loads,  together  with 
the  impact,  if  any,  shall  not  cause  the  strains  to  exceed  those  given  in 

the  following  table: 

Pounds  per 
square  inch. 

Tension,  net  section 16  000 

Direct  compression 16  000 

Shear,  on  rivets  and  pins 12  000 

Shear,  on  bolts 8  000 

Shear,  on  plate-girder  web  ^gross  section) 10  000 

Bearing  pressure,  on  pins  and  rivets 24  000 

Bearing  pressure,  on  bolts 16  000 

Fiber  strain,  on  pins 24  000 

^Engineering  New§  formula. 
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18. — For  wind  bracing,  and  the  combmed  strainB  due  to  wind 
and  the  other  loading,  the  permissible  working  strains  may  be  increased 
*2&%y  or  to  20  000  lb.  for  direct  compression  or  tension. 

19, — Permissible  Compression  Strains, — For  compression  members, 
these  permissible  strains  of  16  000  and  20  000  lb.  per  sq.  in.  shall  be 
rednced  by  the  following  formula: 

0  =  16  000  —  70- 

^  r 

I  ! 

p  =  20  000  —  90  ^  I 

'•  i 

Where  p  =  ptirmissible  working  strain  per  square  inch  in  oompree-  | 

sion; 
/  =z  length  of  piece,  in  inches,  from  center  to  center  of  con- 
nections; 
r  =  least  radius  of  gyration  of  the  section,  in  inches. 

20. — Provision  for  Eccentric  Loading. — ^In  proportioning  colnnms, 
provision  must  be  made  for  eccentric  loading. 

21. — Expansion  Rollers. — The  pressure  per  linear  foot  on  expansion 
rollers  shall  not  exceed  600  d,  where  d  ==  diameter  of  rollers,  in  inches. 

22. — Transverse  Loading  of  Tension  or  Compression  Members, — When 
a  floor,  wall  or  other  weight  rests  directly  on  the  chord  of  a  truss,  said 
chord  shall  be  proportioned  so  that  the  sum  of  the  strains  per  square 
inch  on  the  outer  fiber,  resulting  from  direct  compression  or  tension, 
and  three-fourths  of  the  maximum  bending  moment  (the  chord  being 
considered  as  a  beam  of  one  panel  length,  supported  at  the  ends)  shall 
not  exceed  the  specified  limiting  strains  in  tension  or  compression,  the 
proper  amount  of  impact,  if  any,  being  added  to  each  kind  of  loading. 

23. — The  bending  moments  at  panel  points  shall  be  assumed  equal 
to  that  in  the  center,  but  in  opposite  direction. 

24  — Combined  i^rains. — All  other  members  which  are  subject  to 
direct  strain,  in  addition  to  bending  moment,  shall  be  calculated  in  a 
similar  manner, 

25. — Alternate  Strai?is. — Members  and  connections  subject  to 
alternate  strains  shall  be  proportioned  for  the  strain  giving  the 
largest  section. 

26. — N^et  Sections. — Net  sections  must  be  used  in  calculating  tension 
members,  ancU  in  deducting  rivet  holes,  they  must  be  taken  |  in. 
larger  than  the  nominal  size  of  the  rivets. 


I 
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27, — Pin-oonneoted  riveted  tension  members  shall  have  a  net  section 
throngh  the  pin  holes  25^  in  excess  of  the  net  section  of  the  body  of 
the  member.  The  net  section  back  of  the  pin  hole  shall  be  at  least 
0.75  of  the  net  section  throngh  the  pin  hole. 

28. — Compression  Members  Limiting  Length, — No  compression  mem- 
ber shall  have  a  length  exceeding  125  times  its  least  radius  of  gyration, 
except  those  for  wind  and  lateral  bracing,  which  may  have  a  length 
not  exceeding  150  times  the  least  radins  of  gyration. 

29. — Plate  Girders. — Plate  girders  shall  be  proportioned  on  the 
assumption  that  one-eighth  of  the  gross  area  of  the  web  is  available 
as  flange  area.  The  compression  flange  shall  have  the  same  sectional 
area  as  the  tension  flange,  but  the  unsupported  length  of  the  flange 
shall  not  exceed  30  times  its  width. 

30. — In  plate  girders  used  as  crane  runways,  the  unsupported 
length  of  the  compression  flange  shall  not  exceed  20  times  its  width. 

31. —  Web  Stiff eners. — The  web  shall  have  stiffeners  at  the  ends  and 
inner  edges  of  bearing  plates,  and  at  all  points  of  concentrated  loads, 
and  also  at  intermediate  points,  when  the  thickness  of  the  web  is  less 
than  one-sixtieth  of  the  unsupported  distance  between  flange  angles, 
generally  not  farther  apart  than  the  depth  of  the  full  web  plate,  with 
a  minimum  limit  of  5  ft. 

32. — Rolled  Beams. — X-beams,  and  channels  used  as  beams  or  gird- 
ers, shall  be  proportion ed  by  their  moments  of  inertia. 

33. — Limiting  Depth  of  Beams  and  Girders. — The  depth  of  rolled 
beams  in  floors  shall  be  not  less  than  one-twentieth  of  the  span,  and 
if  used  as  roof  purlins,  not  less  than  one-thirtieth  of  the  span. 

In  case  of  floors  subject  to  shocks  and  vibrations,  the  depth  of 
beams  and  girders  shall  be  limited  to  one-fifteenth  of  the  span. 

34. — Field  Connections. — In  field  coonections,  the  number  of  rivets 
shall  be  increased  15  per  cent. 

Cast  Iron. 

35. — Compression  on  Cast  Iron. — The  direct  compression  on  cast 
iron  shall  not  exceed  12  000  lb.  per  sq.  in. 

Timber. 
36. — Timber. — The  timber  parts  of  the  structure  shall  be  propor- 
tioned in  accordance  with  the  unit  strains  in  Table  3. 
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TABLE  3. — Unit  Strains,  in  Pounds  peb  Squabe  Inch. 


Kind  of  timber. 

Trana- 

verae 

loading. 

End 
bearing. 

Columns 

under  12 

diameters. 

Bearing 

across 

fiber. 

White  Oak 

1  800 
1  600 

1  000 
800 

1  800 

1  600 

1  000 

800 

1000 

1  000 

700 

660 

500 

Long-Leaf  Pine 

880 

White  Pine  and  Spruce 

Hemlock 

800 
200 

along 
fiber. 


200 
100 
100 
100 


f?7. — Colnmns,  the  length  oi  which  ex9eed8  twelve  times  their  least 
diameter,  shall  be  proportioned  bj  the  following  formula: 

G 

P  = ifi 

1  + 


lOOOri* 

Where  C  =  nnit  strains,  as  given  in  Table  8,  for  short  colnmns; 
c  =  length  of  column,  in  inches; 
d  =  least  side  of  column,  in  inches. 
38. — Plapiking, — For   thickness  of  floor  and  roof  planking,    see 
Table  18. 

Details  of  Ck)N8TBUcTioN. 

39, — Minimum  Thickness  of  MateriaL — No  steel  less  than  J  in.  thick 
shall  be  used,  except  for  lining  or  filling  vacant  spaces. 

40. — Adjustable  Members. — Adjustable  members  in  any  part  of 
structures  shall  preferably  be  avoided. 

41. — Symmetrical  Sections. — Sections  shall  preferably  be  made 
symmetrical. 

42. — (Jonnections. — The  strength  of  connections  shall  be  suflScient  to 
develop  the  full  strength  of  the  member. 

43. — No  connection,  except  lattice  bars,  shall  have  less  than  two 
rivets. 

44. — Floor  Beams.— 'Floor  beams  shall  generally  be  rolled  steel 
beams,  and  the  ends  shall  be  attached  to  the  webs  of  the  floor  girders 
with  angle  connections. 

45. — For  fire-proof  fioor8,they  shall  be  arranged,  as  to  spacing  and 
length,  so  that  the  dead  and  live  loads  together  shall  not  cause  a 
greater  deflection  of  the  beams  than  ^V  in.  per  foot  of  span.  Ther 
«hall  generally  be  tied  together  with  tie-rods  at  intervals  not  exceed- 
ing eight  times  the  depth  of  the  beams.     Holes  for  tie-rods,  where  th& 
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constmction  of  the  floor  permits,  shall  be  spaced  abont  3  in.  above  the 
bottom  of  the  beam. 

46' — Beam  Girder, — When  more  than  one  rolled  beam  is  used  to 
form  a  girder,  they  shall  be  connected  by  bolts  and  separators  at 
intervals  of  not  more  than  5  ft.  All  beams  having  a  depth  of  12  in.  and 
more  shall  have  at  least  two  bolts  to  each  separator. 

4T. — Wall  Binds  of  Beams  arid  Girders, — Wall  ends  of  a  snflScient 
number  of  joists  and  girders  shall  be  anchored  securely,  to  impart 
rigidity  to  the  structure. 

48. —  Wail' Plates  and  Column  Bases, — ^Wall-plates  and  column  bases 
shall  be  constructed  so  that  the  load  will  be  well  distributed  over  the 
entire  bearings.  If  they  do  not  get  the  full  bearing  on  the  masonry, 
the  deficiency  shall  be  made  good  with  rust  cement  or  Portland  cement 
mortar. 

49.-^Floor  Girders. — The  floor  girders  may  be  rolled  beams  or 
plate  girders;  they  shall  preferably  be  riveted  or  bolted  to  columns  by 
means  of  connection  angles.  Shelf  angles  or  other  supports  may  be 
provided  for  convenience  during  erection. 

50.— Flange  Plates.— The  flange  plates  of  all  girders  shall  be  limited 
in  width,  so  as  not  to  extend,  beyond  the  outer  line  of  rivets  connect- 
ing them  to  the  angles,  more  than  6  in.,  or  more  than  eight  times  the 
thickness  of  the  thinnest  plates. 

51,— Web  Stiffeners, — Web  sti£feners  shall  be  in  pairs,  and  shall 
have  a  close  bearing  against  the  'flange  angles.  Those  over  the  end 
bearing,  or  forming  the  connection  between  girder  and  column,  shall 
be  on  fillers.  Intermediate  stiffeners  may  be  on  fillers  or  crimped 
over  the  flange  angles.  The  rivet  pitch  in  stiffeners  shall  not  be  more 
than  5  in. 

52. —  Web  Splices, — Web  plates  of  girders  must  be  spliced  at  all 
points  by  a  plate  on  each  side  of  the  web,  capable  of  transmitting  the 
full  strain  through  splice  rivets. 

53. — Columns, — Columns  shall  be  designed  so  as  to  proi-ide  for 
effective  connections  of  floor  beams,  gii'ders  or  brackets. 

They  shall  preferably  be  continuous  over  several  stories. 

54, — Columji  Splices. — The  splices  shall  be  strong  enough  to  resist 
the  bending  strain  and  make  the  columns  practically  continuous  for 
their  whole  length. 

55. — Trusses. — Trusses  shall   preferably   be    riveted    structures. 
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Heavy  imsseB,  of  long  span,  where  the  riveted  field  coBnection  would 
become  nnwieldy,  or  for  other  good  reasons,  may  be  designed  as  pin- 
connected  structures. 

56, — Symmetrical  Sections.— liLBAn  members  of  trusses  shall  be 
designed  so  that  the  neutral  axes  of  intersecting  members  shall  meet 
in  a  common  point. 

57, — Roof  Trtisses. — Boof  trusses  shall  be  braced  in  pairs  in  the 
plane  of  the  chords. 

Purlins  shall  be  made  of  shapes,  or  riveted-up  plate,  or  lattice 
girders. 

Trussed  purlins  will  not  be  allowed. 

58. — Eye- Bars, — The  eye-bars  in  pin-connected  trusses  comjMXbing 
a  member  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as  pos- 
sible. 

59,— Spacing  of  Rivets, — The  minimum  distance  between  centers  of 
rivet  holes  shall  be  three  diameters  of  the  rivet;  but  the  distance  shall 
preferably  be  not  less  than  3  in.  for  |-in.  rivets,  2}  in.  for  }-in.  rivets, 
21  in.  for  f-in.  rivets  and  IJ  in.  for  |-in.  rivets. 

60, — For  angles  with  two  gauge  lines,  the  maximum  shall  be  twice 
as  great  as  given  in  Section  59  in  each  line  with  rivets  staggered;  and, 
where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  12 
in.  apart  in  any  direction  shall  be  used  to  hold  the  plates  together. 

61. — The  pitch  of  the  rivet,  in  the  direction  of  the  strain,  shall  not 
exceed  6  in.,  nor  16  times  the  thinnest  outside  plate  connected,  and  not 
more  than  50  times  that  thLckness  at  right  angles  to  the  strain. 

62  — Edge  Distance, — The  minimum  distance  from  the  center  of 
any  rivet  hole  to  a  sheared  edge  shall  be  IJ  in.  for  |-in.  rivets,  1}  in. 
for  }-in.  rivets,  1}  in.  for  |-in.  rivets  and  1  in.  for  J-in.  rivets,  and  to 
the  rolled  edge,  IJ,  1},  1  and  2  in-*  respectively. 

63. — The  maximum  distance  from  any  edge  shall  be  eight  times  the 
thickness  of  the  plate. 

64. — Mfuvimum  Diameter. — The  diameter  of  the  rivets  in  any  angle 
carrying  calculated  strains  shall  not  exceed  one-quarter  of  the  uidth 
of  the  leg  in  which  they  are  driven .  In  minor  parts,  rivets  may  be  } 
in.  greater  in  diameter. 

65. — Pitch  at  Ends.—ThQ  pitch  of  rivets  at  the  ends  of  built  com- 
pression members  shall  not  exceed  four  diameters  of  the  rivets  for  a 
length  equal  to  one  and  one-half  times  the  maximum  width  of  the 
member. 


I 
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66. — 7\>- P/o^.— The  open  sides  of  compression  members  shall  be 
provided  with  lattice  having  tie-plates  at  each  end  and  at  interme* 
diate  points  where  the  lattice  is  interrnpted.  The  tie-plates  shall  be 
as  near  the  ends  as  practicable.  In  main  members,  carrying  calcu- 
lated strains,  the  end  tie-plates  shall  have  a  length  not  less  than  the 
distance  between  the  lines  of  rivets  connecting  them  to  the  flanges, 
and  intermediate  ones  not  less  than  half  this  distance. 

Their  thickness  shall  be  not  less  than  one-sixtieth  of  the  same  dis- 
tance. 

67. — Lattice. — The  thickness  of  lattice  bars  shall  be  not  less  than 
one- fortieth  for  single  lattice  and  one-sixtieth  for  donble  lattice,  of  the 
distance  between  end  rivets;  their  width  shall  be  in  accordance  with 
the  following: 

For  15-in.  channels,  or  btdlt  sections  with 


«,-...            ,  i2Jin.  (i-in.  rivets); 

3J  and  4-in.  angles I    *        ^®  ^' 

For  12,  10  and  9-in.  channels,  or  bnilt )  ^    ,      , 

..,_„.           ,  Mi  ^^'  (i-i^-  rivets); 

sections  with  3-in.  angles ) 

For  8  and  7-in.  channels,  or  built  sec- 1  ^  .      .    . 

.  ,    ^    .            ,  >  2  in.  (i-in.  rivets) ; 

tions  with  21-in.  angles ) 


For  6  and  5-in.  channels,  or  built  sec- 
tions with  2-in.  angles 


>  IJ  in.  (J-in.  rivets). 


68. — Lattice  bars  with  two  rivets  shall  generally  be  used  in  flanges 
more  than  5  in.  wide. 

69. — Angle  of  Lattice. — The  inclination  of  lattice  bars  with  the 
axis  of  the  member,  generally,  shall  be  not  less  than  45^,  and  when  the 
distance  between  the  rivet  lines  in  the  flanges  is  more  than  15  in.,  if  a 
single  rivet  bar  is  used,  the  lattice  shall  be  double  and  riveted  at  the 
intersection. 

70. — Spacing  of  Lattice. — The  pitch  of  lattice  connections,  along  the 
flange  divided  by  the  radius  of  gyration  of  the  flange  angle  about  an 
axis,  through  its  center  of  gravity,  perpendicular  to  the  plane  of  the 
lattice,  shall  be  less  than  the  corresponding  ratio  of  the  member  as  a 
whole. 

71. — Faced  Joints. — Abutting  joints  in  compression  members  when 
faced  for  bearing  shall  be  spliced  sufficiently  to  hold  the  connecting 
members  accurately  in  place. 

72. — All  other  joints  in  riveted  work,  whether  in  tension  or  com- 
pression, shall  be  fully  spliced. 
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73, — Pin.  Plates, — Pin  holes  shall  be  reinforced  by  plates  where 
necessary;  and  at  least  one  plate  shall  be  as  wide  as  the  flange  will 
allow.  Where  angles  are  used,  the  plates  shall  be  on  the  same  side  as 
the  angles;  they  shall  contain  sufficient  rivets  to  distribute  their  por- 
tion of  the  pin  pressure  to  the  full  cross-section  of  the  member. 

74, — Pins, — Pins  shall  be  long  enough  to  insure  a  full  bearing  of 
all  parts  connected  upon  the  turned-down  body  of  the  pin. 

75. — Members  packed  on  pins  shall  be  held  against  lateral  moYe- 
ment. 

76. — BoUs. — Where  members  are  connected  by  bolts,  the  body  of 
these  bolts  shall  be  long  enough  to  extend  through  the  metal.  A 
washer  at  least  A  in*  thick  shall  be  under  the  nut. 

77. — Fillers. — Fillers  between  parts  carrying  strain  shall  have  a 
sufficient  number  of  independent  rivets  to  transmit  the  strain  to  the 
member  to  which  the  filler  is  attached. 

78. — Temperature, — Provision  shall  bo  made  for  expansion  and  con- 
traction, corresponding  to  a  variation  of  temperature  of  150^  fahr., 
where  necessary. 

79. — Rollers, — Expansion  rollers  shall  be  not  less  than  4  in.  in  di- 
ameter. 

80.^ Stone  Bolts. — Stone  bolts  shall  extend  not  less  than  4  in.  into 
granite  pedestals  and  8  in.  into  other  material. 

81. — Anchorage. — Columns  which  are  strained  in  tension  at  their 
base  shall  be  anchored  to  the  foundations. 

82. — Anchor  bolts  shall  be  long  enough  to  engage  a  mass  of 
masonry,  the  weight  of  which  shall  be  one  and  one-half  times  the 
tensile  strain  in  the  anchor. 

83. — Bracing. — Lateral,  longitudinal  and  transverse  bracing  in  all 
structures  shall  be  preferably  composed  of  rigid  members. 
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PART  II.— MATERIAL  AND  WORKMANSHIP. 

MATBBIAIi. 

l,-^8teel,— All  parts  of  the  structures  shall  be  of  rolled  steel,  ezoept 
column  bases,  bearing  plates  or  minor  details,  which  may  be  of  oast 
iron  or  cast  steel.  No  cast  iron  shall  be  used  in  pieces  which  will  have 
to  resist  tension  or  bending  strains. 

2.— Process  of  Manufacture.— Steel  maybe  made  by  the  open-hearth 
or  by  the  Bessemer  process. 

3, — The  chemical  and  physical  properties  shall  conform  to  the 
limits  given  in  Table  4. 

TABLE  4.— ScHBDUiiB  or  Rbquebements. 


Chemical  and  physical 
properties. 

Structural  steel. 

RlTet  steel. 

Steel  castings. 

Phosphorus,  maximum..  |  J^^?; ; 
Snlohur.  maximum 

0.04  per  cent. 
0.08  per  cent. 
0.06  per  cent. 

0.04  per  cent. 
0.04  per  cent. 
0.04  DAr  ccmt. 

0.06  per  cent. 
0.08  per  c^nt. 
0.06  per  cent. 

Ultimate  tensile  strength. 
Pounds  per  square  Inch 

Desired 

60  000 

IfiOOOOO* 

Desired 

50  000 

1600  000 

Not  lees  than 
66  000 

Elongation:  minimum  jwrcent-  \ 
age  inSin ) 

Ult.  tensUe  str'gthUlt.  tensUe  str'gth 

Elongation:  minimum  percent- 
age in  2  in 

22 

Silky 

180«»  flat.t 

18 

Characte*"  of  fractu*^. ........... 

Silky 
180»  flats 

\  Silky  or  fine 
1        gntnular. 

Cold  bends  without  fracture 

*  See  Paragraph  12.       t  See  Paragraphs  14  and  16.       §  See  Paragraph  16. 

4, — The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  re- 
corded in  the  test  reports. 

6, — Allowable  Varia/ions. — Tensile  tests  of  steel  showing  an  ulti- 
mate strength  within  5  OOO  lb.  of  that  desired  will  be  considered  satis- 
factory. 

6. — Chemical  Analyses. — Chemical  determinations  of  the  percent- 
ages of  carbon,  phosphorus,  sulphur  and  manganese  shall  be  made  by 
the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the  pouring 
of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be 
furnished  to  the  engineer  or  his  inspector. 

7. — Form  ttf  Specimens  for  Plates  y  Shapes  and  Bars. — Specimens  for 
tensile  and  bending  tests,  for  plates,  shapes  and  bars,  shall  be  made 
by  cutting  coupons  from  the  finished  product,  which  shall  have  both 
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faces  rolled  and  both  edges  milled  to  the  form  shoim  by  Fig  1;  or 
with  both  edges  parallel ;  or  they  may  be  turned  to«  diameter  of  }  in. 
for  a  length  of  at  least  9  in.,  with  enlarged  ends. 

8.—Eivet8,—Bivet  rods  shall  be  tested  as  rolled. 

Pins  and  Rollers. — Specimens  shall  be  cat  from  the  finished  rolled 
or  forged  bar,  in  snch  manner  that  the  center  of  the  specimen  shall  be 
1  in.  from  the  snrface  of  the  bar.  The  specimen  for  the  tensile  test 
shall  be  tnmed  to  the  form  shown  by  Fig.  2.  The  specimen  for  the 
bending  test  shall  be  1  in.  by  |  in.  in  section. 

/ 

8*   *V      pjurnllel  Section 
"^.^  ^'    Not  let»  than  9'  "    , 

IH'    1     ^ 


-<L_ 


Atoont-M- 

FicuL 


rh^- 


F10.S. 


T«1 


9. — Steel  Castings. — The  number  of  tests  will  depend  on  the  charac- 
ter and  importance  of  the  castings.  Specimens  shall  be  cnt  cold  from 
coupons  moulded  and  cast  on  some  portion  of  one  or  more  castings  from 
each  melt,  or  from  the  sink -heads,  if  the  heads  are  of  sufficient  size. 
The  coupon  or  sink-head,  so  used,  shall  be  annealed  with  the  casting 
before  it  is  cut  o£f.  Test  specimens  shall  be  of  the  form  prescribed  for 
pins  and  rollers. 

10. — Annealed  Specimens. — Material  which  is  to  be  used  without 
annealing  or  further  treatment  shall  be  tested  in  the  condition  in 
which  it  comes  from  the  rolls.  When  material  is  to  be  annealed  or 
otherwise  treated  before  use,  the  specimen  for  tensile  tests  repre* 
senting  such  material  shall  be  cut  from  properly  annealed  or  similarly 
treated  short  lengths  of  the  full  section  of  the  bar. 

11, — Number  of  Test4. — At  least  one  tensile  and  one  bending  test 
shall  be  made  from  each  melt  of  steel  as  rolled.  In  case  steel  diffenng 
I  in.  and  more  In  thickness  is  rolled  from  one  melt,  a  test  shall  be 
made  from  the  thickest  and  thinnest  material  rolled. 
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12. — Modifications  in  Elongation. — For  material  less  than  -fg  in.  and 
more  than  }  in.  in  thickness,  the  following  modifications  will  be  al* 
lowed  in  the  requirements  for  elongation: 

a. — For  each  i^-  in.  in  thickness  below  -f^  in.,  a  deduction  of 
2i%  will  be  allowed  from  the  specified  elongation. 

b, — For  each  i  in.  in  thickness  above  J  in.,  a  deduction  of  1% 
will  be  allowed  from  the  specified  elongation. 

c. — For  pins  and  rollers  more  than  3  in.  in  diameter,  the  elonga- 
tion in  8  in.  may  be  6%  less  than  that  specified  in  Paragraph  3. 

13, — Bending  Tests. — Bending  tests  may  be  made  by  pressure  or  by 
blows.  Plates,  shapes  and  bars  less  than  1  in.  thick  shall  bend  as 
called  for  in  Paragraph  3. 

14. — Thick  Material — Full-sized  materia],  for  eye-bars  and  other 
steel  1  in.  or  more  in  thickness,  tested  or  rolled,  shall  bend  cold  180<3 
around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  bar,  without  fracture  on  the  outside  of  the  bend. 

15, — Bending  Angles, — Angles  }  in.  and  less  in  thickness  shall  open 
flat,  and  angles  J  in.  and  less  in  thickness  shall  bend  shut,  cold,  under 
blows  of  a  hammer,  without  sign  of  fracture.  This  test  will  be  made 
only  when  required  by  the  inspector. 

16. — Nicked  Bends. — ^Bivet  steel,  when  nicked  and  bent  around  a 
bar  of  the  same  diameter  as  the  rivet  rod,  shall  give  a  gradual  break 
and  a  fine,  silky  uniform  fracture. 

17. — Finish. — Finished  material  shall  be  free  from  injurious  seams, 
flaws,  cracks,  defective  edges,  or  other  defects,  and  shall  have  a 
smooth,  uniform,  workmanlike  finish.  Plates  36  in.  and  less  in  width 
shall  have  rolled  edges. 

18. — Stamping. — Every  finished  piece  of  steel  shall  have  the  melt 
number  and  the  name  of  the  manufacturer  stamped  or  rolled  upon  it. 
Steel  for  pins  and  rollers  shall  be  stamped  on  the  end.  Bivet  and 
lattice  steel  and  other  small  parts  may  be  bundled  with  the  above 
marks  on  an  attached  tag. 

- 19, — Defective  Jfa^erm/. —Material  which,  subsequent  to  the  fore- 
going tests  at  the  mills,  and  its  acceptance  there,  develops  weak  spots, 
brittleness,  cracks  or  other  imperfections,  or  is  found  to  have 
injurious  defects,  will  be  rejected  at  the  shop,  and  shall  be  replaced 
by  the  manufacturer  at  his  own  cost. 

20. — Allowable  Variation  in  Weight. — A  variation  in  cross-section  or 
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weight  of  each  piece  of  steel  of  more  than  2^%  from  that  specified 
will  be  sufficient  cause  for  rejection. 

21 . —Cast  Iron, — Iron  castings  shall  be  made  of  tough,  gray  iron, 
free  from  injurious  cold-shuts  or  blow-holes,  true  to  pattern  and  of 
workmanlike  finish.  Test  pieces  1  in.  square  shall  be  capable  of 
sustaining  on  a  clear  span  of  12  in.  a  central  load  of  2  500  lb.  or  more, 
and  deflect  at  least  0.15  in.  l>efore  rupture. 

WOBKMANBHIF. 

22.— General. — All  parts  forming  a  structure  shall  be  built  in 
accordance  with  approved  drawings.  The  workmanship  and  finish 
shall  be  equal  to  the  best  practice  in  modem  bridge  works. 

23. — Straightening  Material, — Material  shall  be  thoroughly  straight- 
ened in  the  shop,  by  methods  which  will  not  injure  it,  before  being 
laid  off  or  worked  in  any  way. 

24. — Finish, — Shearing  shall  be  done  neatly  and  accurately,  and 
all  portions  of  the  work  exposed  to  view  shall  be  finished  neatly. 

25. — Rivets. — The  size  of  rivets  called  for  on  .the  plans  shall  be 
understood  to  mean  the  actual  size  of  the  cold  rivet  before  heating. 

26. — Rivet  Holes. — The  diameter  of  the  punch  for  material  not  more 
than  {  in.  thick  shall  be  not  more  than  ■^-  in.,  nor  that  of  the  die  more 
than  i  in.,  larger  than  the  diameter  of  the  rivet.  'Material  more  than 
%  in.  thick,  except  minor  details,  shall  be  sub-punched  and  reamed  or 
drilled  from  the  solid. 

27.—Punchi7ig. — Punching  shall  be  done  accurately.  Slight  inac- 
curacy in  the  matching  of  holes  may  be  corrected  with  reamers. 
Drifting  to  enlarge  unfair  holes  will  not  be  allowed.  Poor  matching 
of  holes  will  be  cause  for  rejection,  at  the  option  of  the  inspector. 

28. — Assembling.— 'Riveted  members  shall  have  all  parts  well 
pinned  up  and  firmly  drawn  together  with  bolts  before  riveting  is  ' 

commenced.     Contact  surfaces  shall  be  painted.     (See  Paragraph  52.) 

29. — Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  ends, 

unless  otherwise  called  for.  I 

I 

30. —  Web  Stiffeners. — Stiffeners  shall  fit  neatly  between  the  flanges 
of  girders.  Where  tight  fits  are  called  for,  the  ends  of  the  stiffeners 
shall  be  faced  and  shall  be  brought  to  a  true  contact  bearing  with  the 
fiange  angles. 

31.— Splice  Plates  and  Fillers.  —Web  splice  plates  and  fillers  under 
stiffeners  shall  be  cut  to  fit  within  }  in.  of  flange  angles. 
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32. — Connection  Angles, — Connection  angles  for  floor  girders  shall 
he  flush  with  each  other  and  correct  as  to  position  and  length  of 
girder. 

33. — Riveting. — Rivets  shall  be  driven  by  pressure  tools  wherever 
possible.  Pneumatic  hammers  shall  be  used  in  preference  to  hand 
driving. 

34.— ^RiYets  shall  look  neat  and  fluished,  with  heads  of  ap- 
proved shape,  full,  and  of  equal  size.  Thej  shall  be  central  on  the 
^hank  and  shall  grip  the  assembled  pieces  firmly.  Becupping  and 
caulking  will  not  be  allowed.  Loose,  burned,  or  otherwise  defec- 
tive rivets  shall  be  cut  out  and  replaced.  In  cutting  out  rivets,  great 
care  shall  be  taken  not  to  injure  the  adjoining  metal.  If  necessary, 
they  shall  be  drilled  out. 

35. — Turned  BoUs. — Wherever  bolts  are  used  in  place  of  rivets 
which  transmit  shear,  such  bolts  must  have  a  driving  fit.  A  washer 
not  less  than  }  in.  thick  shall  be  used  under  the  nut. 

36. — Members  to  he  Straight. — The  several  pieces  forming  one  built 
member  shall  be  straight  and  shall  fit  closely  together,  and  finished 
members  shall  be  free  from  twists,  bends  or  open  joints. 

37. — Finish  of  Joints, — Abutting  joints  shall  be  cut  or  dressed  true 
iind  straight  and  fitted  close  together,  especially  where  open  to  view. 
In  compression  joints  depending  on  contact  bearing,  the  surfaces  shall 
be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

38.  —Eye-Bars.  —Eye-bars  shall  be  straight  and  true  to  size,  and  shall 
be  free  from  twists,  folds  in  the  neck  or  head,  or  any  other  defect. 
Heads  shall  be  made  by  upsetting,  rolling  or  forging.  Welding  will 
not  be  allowed.  The  form  of  the  heads  will  be  determined  by  the  dies 
in  use  at  the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the 
engineer,  but  the  manufacturer  shall  guarantee  the  bars  to  break 
in  the  body  with  a  silky  fracture,  when  tested  to  rupture.  The 
thickness  of  the  head  and  neck  shall  not  vary  more  than  rv  in.  from 
the  thickness  of  the  bar. 

39. — Boring  Ei/e-Bars. — Before  boring,  each  eye-bar  shall  be  per- 
fectly annealed  and  carefully  straightened.  Pin  holes  shall  be  in  the 
center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the  same  length 
«hali  be  bored  so  accurately  that,  when  placed  together,  pins  g-jr  in. 
smaller  in  diameter  than  the  pin  holes  can  be  passed  through  the  holes 
at  both  ends  of  the  bars  at  the  same  time. 
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40, — Pin  Holes.— Fin  holes  shall  be  bored  true  to  gauges,  smooth 
and  straight;  at  right  angles  to  the  axis  of  the  member,  and  par- 
allel to  each  other,  unless  otherwise  called  for.  Wherever  possible, 
the  boring  shall  be  done  after  the  member  is  riveted  np. 

41. — The  distance  from  center  to  center  of  pin  holes  shall  be  correct 
within  uV  in. ,  and  the  diameter  of  the  hole  not  more  than  ^  in.  larger 
than  that  of  the  pin,  for  pins  np  to  5  in.  diameter,  and  -3^  in.  for 
larger  pins. 

42. — PiTis  and  Rollers. — Pins  and  rollers  shall  be  turned  accurately 
to  gauges,  and  shall  be  straight,  smooth  and  entirely  free  from  flaws, 

43. — Pilot  Nttis. — At  least  one  pilot  and  driving  nut  shall  be  far* 
nished  for  each  size  of  pin  for  each  structure. 

44. — Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the 
nuts,  and  shall  be  United  States  standard,  except  at  the  ends  of  pins 
and  for  bolts  more  than  1}  in.  in  diameter,  for  which  six  thTeads  per 
inch  shall  be  used. 

45. — Annealing.— ^ioQly  except  in  minor  details,  which  has  been 
partially  heated  shall  be  properly  annealed. 

46. — Steel  Castings. — All  steel  castings  shall  be  annealed. 

47. — TF€/<&.— Welds  in  steel  will  not  be  allowed, 

48. — Bed-Plates. — Expansion  bed-plates  shall  be  planed  true  and 
smooth.  Cast  wall-plates  shall  be  planed  at  top  and  bottom.  The 
cut  of  the  planing  tool  shall  correspond  with  the  direction  of  expan- 
sion. 

49.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small 
details  shall  be  boxed  or  crated. 

50. —  WeigJU. — The  weight  of  every  piece  and  box  shall  be  marked 
on  it  in  plain  figures. 

Painting. 

51. — Shop  Painting. — Steelwork,  before  leaving  the  shop,  shall  be 
thoroughly  cleaned  and  given  one  good  coating  of  pure  linseed  oil,  or 
such  paint  as  may  be  called  for,  well  worked  into  all  joints  and  open 
spaces. 

52.—lrx  riveted  work,  the  surfaces  coming  in  contact  shall  be 
painted  before  being  riveted  together. 

53. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  shall  have  two  coats  of  paint  before  leaving  the  shop. 
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S4. — Steelwork  to  be  embedded  in  concrete  shall  not  be  painted. 

55. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.  It  shall  not  be  done  in  wet  or  freezing  weather,  unless 
protected  under  cover. 

50. — Machine-finished  surfaces  shall  be  coated  with  white  lead  and 
tallow  before  shipment,  or  before  being  put  out  into  the  open  air. 

'57. — Field  Painting. — After  the  structure  is  erected,  the  metalwork 
shall  be  painted  thoroughly  and  evenly  with  an  additional  coat  of 
paint,  mixed  with  pure  linseed  oil,  of  such  quality  and  color  as  may 
be  selected. 

Inspection  and  Tbstino. 

58. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight,  quality  of  material  and  workmanship.  He 
shall  furnish  a  suitable  testing  machine  for  testing  the  specimens,  as 
well  as  prepare  the  pieces  for  the  machine,  free  of  cost. 

59. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall 
have  full  access  at  all  times  to  all  parts  of  the  works  where  material 
under  his  inspection  is  manufactured. 

60. — The  purchaser  shall  be  furnished  with  complete  copies  of  mill 
orders,  and  no  material  shall  be  rolled  and  no  work  done  before  he 
has  been  notified  as  to  where  the  orders  have  been  placed,  so  that  he 
may  arrange  for  the  inspection. 

61. — The  purchaser  shall  also  be  furnished  with  complete  shop 
plans,  and  must  be  notified  well  in  advance  of  the  start  of  the  work 
in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect 
the  material  and  workmanship. 

62. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment. 

63. — If  the  inspector,  through  an  oversight  or  otherwise,  has  ac- 
<;epted  mf^terial  or  work  which  is  defective  or  contrary  to  the  specifi- 
cations, this  material,  no  matter  in  what  stage  of  completion,  may  be 
rejected  by  the  purchaser. 

FuiJL-SizBD  Tests. 

64. — Full-sized  parts  of  the  structure  may  be  tested  at  the  option 
of  the  purchaser.  If  tested  to  destruction,  such  material  shall  be  paid 
for  at  cost,  less  its  scrap  value,  if  it  proves  satisfactory. 
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65. — If  it  does  not  stand  the  specified  tests,  it  will  be  considered 
rejected  material,  and  be  solely  at  the  cost  of  the  contractor,  unless  he 
is  not  responsible  for  the  design  of  the  work. 

66. — In  eye-bar  tests,  the  altimate  strength,  the  elastic  limit  and 
the  elongation  in  10  ft.,  unless  a  different  length  is  called  for,  shall  be 
recorded. 

67. — In  transYerse  tests,  the  lateral  and  vertical  deflections  shall 
be  recorded. 
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APPENDIX  A. 

EXTBACTS  FBOM  THE  FoiiIiOWIMO  BrrLDINO  LaWS. 

City.  ,  Year. 

Buflfalo 1896 

St.  Louis 1897 

Philadelphia 1899 

New  York 1899 

Chicago 1900 

Boston 1900 

MinDeapolis 1900 

Milwaukee 1901 

Baltimore 1901 

District  of  Columbia 1902 

In  Table  5  and  all  following  tables: 

8  =  Stress,  in  pounds  per  square  inch ; 

L  =  Length,  in  inches  (except  in  Table  15,  where  L  =  length  in 

feet); 
D  =  External  diameter,  or  least  side  of  rectangle,  in  inches; 
E  =  Least  radius  of  gyration  of  column  section. 
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TABLE  5.  — MiNiHUM  Lite  Loai>8  fob  Floors  axd  Boofs. 


Pounds  per  Squaeb  Koot. 

Structure. 

t 
1 

S 

£ 

1 

1 

1 

1 

II 

1 

Dwellings— one  or  two  families. 

Lodging     houses,    apartment 
houses,  tenement  houses,  ho- 
tels, etc 

60 
60 

m 

76 

00 
75 

ISO 
160 
800 
50t 
80$ 

40 
40 

ioo 

100 

100 
100 

100 
100 

26 

70 
70 

ioo 

100 

190 
180 

120 
150 

80 

60 
60 

ioo 

100 

160 
160 

250 
260 

2^s 

40 
70 

'to 

70 

100 
100 

120 
160 

40 

50 
50 

100 
100 

250 

100 

860 
60 

40 
40 

"oo 

60 

80 

50 

260 
100 

ioo* 

80 

60 

60 

75 
75 

75 

110 

110 
76 

110 
200 

25 

75 

160 
150 

160 

900 

80 

70 
70 

Halls,  dining-rooms,  caf^s,  of- 

ment-houses 

Office  buildings,  first  floor 

Office    buildings,    above    first 

floor 

ifiO 
70 

HaUs  and  lobbies  in  office  build- 
Public  assembly  room^: 

churches,  theaters,  etc 

Schools. 

WD 
120 

Machine  shops,  armories,  drUl- 
rooms,etc 

Light  manufacturing  and  retail 
stores  and  storehouses 

Heavy      storehouses,      ware- 
houses, livery  stables,  etc. . . . 

Stairways 

SidewalKS 

160 
150 

Roofs,  per  square  foot  of  super- 
flcial  surface 

5f) 

Roofs,  per  square  foot  of  hori- 
zontal projection 

Wind  Loads. 


Per  square  foot  of  elevation.. . . 

80 

30 

80 

80 

80 

80 

1 
4 

80 

80 

n  i 

^ 

58 

^•.Otf 

^•O 

.O'- 

1 

i^^ 

Set 

*  Lower  supports  to  carry  two-thirds  of  total  weight. 

t  Pitch  less  than  2U  degrees. 

t  Pitch  more  than  20  degrees.    $  Also  a  horizontal  wind  pressure  of  80  lb.  per  sq.  ft. 
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TABLE  6. — Permissible  Reduction  of  Live  Loads. 

Live  Loads  under  Foundations  in  Buildings  More  than  Three 
Stories  High. 


structure. 


Warehouses  and  factories 

Stores  and  buildings  for  hght  manufactur- 
ing purposes 

Cnurches,   schooihouses   aDd    pJacee   of 

£ublic  assembly 
Ice  buildings,  notels,  ^ 
dwellings,  apartment  I  of  masonry  con- 
houses,  tenement  [     struction 

bouses,  stables,  etc.     J 

do.  do.  of  steel  skeleton 

construction 


New 

York. 

«  i.uiago. 

100^ 

iiii 

75" 
75'* 

60" 

E^^si 

.l^ll 

C-  Je90 

60" 

t^ 

District 

of 

Columbia. 


100^ 
75" 
90" 

60" 

75" 


St.  Louis. 


;27 


O  O  b  go 

J'' 


II  si! 


Live  Loads  on  Columns. 


New  York. 


In  dwellings,  office 
buildings,  stores, 
stables  and  pub- 
lic buildini 
more  than  five 
stories  in  height. 


St.  Louis. 


For  roof  and   top-floor 
columns  tull  live  load. 

""fn^/rVA  onV^S^^f  In  offlcc  and  mer- 
lower  floor  columns  a,    -a.ntiiA    >iii  i  wi 
reduction  of  6V  until     <»°^"e    build 
50?^   of  live   load  re- 
mains, which  is  mini- 
mum. 


ings. 


Attic  columns:  full  live 
load. 

I  Basement  columns:  80V 
of  live  load  and  pro- 
portionately for  inter- 
mediate floors. 


Live  Loads  on  Gibdebs  (St.  Louis  only). 


80.V  of  full  live  load.    (Does  not  apply  to 
beams.) 


Philadelphia  Law:  For  all  tenant  houses,  hotels,  apartment  houses,  hospitals  and 
office  buildings,  the  live  loads  on  columns,  girders  and  foundations,  may  be  estimated 
by  the  formula,  X  =  100  —  J  ^2,  and  for  light  manufacturing  buildings  by  the  formula, 
jr=  too  —  I  v^.4,  in  which  X  -  the  percentage  of  live  load  to  be  used,  and  A  =  area 
carried  by  anv  gurder,  colunm  or  foundation. 

For  permiiasible  loads  in  Milwaukee  Law,  see  Table  7. 


706 


STRUCTUBAL  DESIGN   OF   BUILDINGS. 


[Papers. 


TABLE  7.— Fbom  Milwaukee  Building  Law. 

Permissible  Live    Load,  in  Pounds  peb  Square  Foot   op   Floor 

Area,  for   Columns  and  Foundations,   in  Hotels,  Apartment, 

Tenement  and  Lodging  Houses  and  Office  Buildings. 


J  '' 

1 
11 

Number  of  Stosiks  u 

BUILDIMQ. 

10 

9 

8 

7 

1 

6  1  6 

i 

i 

8 

Roof 

1  80 

::;:::i  ^ 

25 

12ih  Story 

11th   "  

80 
50 
85 
25 
20 
16 
10 
10 
5 
6 
0 
0 

:::;::i::::;  :  ::::  :::::: 

80 

.  .                . 

lUth   "  ...  . 

50 
86 
26 
20 
15 
10 
10 
6 
0 
0 

SO 
60 
85 
25 
20 
15 
10 
5 
5 
0 

1 

.9th   *'  

:::;::i  ao 

80 
60 
35 
25 
20 
15 
10 
6 
0 

1 

8th   "  

.  .!  15 

80 
50 
86 
2.-> 
20 
15 
10 
5 

'  , 

7th   **  

1  10 

80 
60 
85 
26 
20 
13 
5 

183 

6th   *'  

;::  ::  lo 

80 
60 
86 
25 
20 
15 

5th   "  

4th   ''  

8d   "  

5 

'   5 

•   6 

30 
50 
85 
25 
20 

160 

80 

2d   "  

1   0 

85 

1st   "  

1   0 

25 

1 

Totals 

;  210 

205 

200 

195 

190 

185 

175 

liO 

If  the  flr«t  or  any  other  »tory  is  used  for  a  store,  hall,  or  for  other  busioees  pur- 
poses, the  full  live  loal  of  100  lb.  per  sq.  ft.  shall  be  considered  as  acting  on  the  sup- 
porting columns. 
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TABLE  8. — Beabikg  Capacity  of  Different  Kinds  of  Soils. 


TOKS 

PER  Square  Foot. 

Bearing  Material. 

i 

s 

9 

1 

56 

Soft  clay 

1 
2 
8 
8 
4 
4 

1 

1 
2 
8 
8 
4 
4 

Ordinary  clay  with  wet  sand '..'..'. 

I 

Dry  clay '.  

Dry  sand :  .     . 

8>i 

m 

2 
2 
4 
4 

9a 

Hard  clay 

8H 

S^ 

Firm  c<jarse  sand 

OS  so 

Clay  and  gravel 

194 

.. 

fl's 

Sand  and  gravel 

f" 

is-w 

Cemented  g^ravel 1 

. 

€t 

Gravel  and  sand  (well  cemented) ' 

8 

Rock,  through  earth  (open  caissons). 
Firm  gravel  or  hard  clay  (through 

10 
15 

oS3fc 

Rock,    through     earth     (pneumatic 
caissons) 

a-2 
?6 

■Concrete  m  foundations 

4 
5 

7 

4 
6 

7 

4 

0 

7 

0  9 

Dimension  stones  in  foundations 

gs 

Dre^jed  foundation  stones,  in  cement 
mortar 

< 

Tons. 

Maximum  pressure  on  one  pile 

ao* 

26 

20 

86 

* 

26*    ... 

Allowable  fiber  stress,  in  pounds  per  square  inch. 


Bteel  beams  in  concrete,  in  foundations 
Oak  timber  grillage  on  piles 


16  GOO 
1  200 


16  000 
1  200 


*  Safe  sustaining  power  of  one  pile,  in  tons,  is: 

2  X  weight  of  hammer,  in  tons  X  height  of  fall,  in  feet 
Penetration,  in  Inches  (u^der  last  blow)^  1  in. 


8: 
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TABLE  9. — Beabxng  Capacity  op  MatebiaijS. 


Tons  pbb 

Square  Foot. 

Bearing  Material. 

1 

g 

. 

1 

1 

1 

Dist.  of 
Colum. 

St.  Louis. 

Concrete:   Portland  cement   1. 

16 
9 

8. 
10 

8 

r» 

6 
18 
15 

72-178 

48-166 

29-115 

144 

72 

4 

16i 

15  1 

Concrete:   Portland  cement  1, 
sand  2,  stone  5 

15 

Concrete:  Rosendale  cement  1, 
sand  2,  stone  4 

9 
8 
10 
8 

Concrete:  Rosendale  cement  1, 
sand  2,  stone  6 

Rubble    in    Portland     cement 
mortar 

10 

Rubble  in  Rosendale    cement 
mortar 

5 

5 

Rubble   in    lime   and    cement 
mnrtar 

9 

■••6i 

8 
6 

15 

7  1 

Rubble  in  lime  mortar 

5 
18 
15 

'I' 

72-178 
48-166 

Brickwork  in  Portland  cement 
mortar 

16 

12 
5-9 

12 
5-9 

18 
14j 

m 

15 

mortar 

Brickwork  in  lime  and  cement 
mortar 

12 

8 

12 
8 
60 
40 
80 

1U 

Brickwork  in  lime  mortar 

GranU^ 

8-6 

4-6 

8* 

Marble  and  limestone 

70 
SO 

Sandstone 

29-115    

Bluestone 

144    

Slate 

72    

Hard-burned    brick    in    piers, 
cement  mortar 

18 
10 
7 

Hard-burned    brick    in     piers, 
lime  and  cf'-ment  mortar 

Hardbumed    brick    in    piers, 
lime  mortar 

1 

Pipers.]' 
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TABLE  10.— FBBMissiBiiB  Unit  Stbbssbs  is  MATSSiAiiS. 


Founds  pxb  Squabs  Inch. 

Material. 

t 
1 

i 

1 

1 

1 

1 

i 

s 

^ 

TenHon.—RoVied  steel 

16  000  16  000 

16  000 

16  000 

16  000 

16  000 

16  000 
16  000 

Cast       '*    

16  000 

Medium '' 

16  960 
14  600 

Soft        "    



Cast      iron 

8000 

*8'666 

8066  8666 

Wrought  " 

19  600 
1  800 

12  00019  000 

12  000 

Yellow  pine 

i  800 

, 

1  900 
800 
800 

1  000 

White     *'    

800 

800 

1  000 

600 

Sunioe 

1  400 

Oak  _;:;::;:.::;:::; 

Hemlock 

'i  nhn 

Comprewion.—RoUed  steel 

Cast  steel 

1 
16  ono  IK  ooni 

19  000 

16  000 

18  000 

16  000 
16  000 

1 







16  000! 

Cast  iron 

in  nm  11  m¥> 

,18  000 

18  00016  000 

16  000 

Steel  pins  and  rivets 
(bearinff) 

1           1 
80  OO0I20  0(K)  22  oon 

15  000 

90  000 
19  000 

Wrouflrht  iron . 

1 

8800 
14  600 
16  950 

Soft  steel '.'..'.','. 

...1      

MAHIiim  »» 



1 



Oak  (with grain).... 
"  (across    **  ).... 

900 
800 

1000 

600 

800 

400 



, 1 

900 
800 

1  000 

600 

800 

400 

800 

400 

1900 

1  000 

"260  """ 

960 

Yellow    pine    (with 
erain) 

750 
fifin 

Yeuow  pine  (across 

wSte  "pine  "(with 
irraln) 

960 

960 

1 
1 

White    pine   (across 
grain) 

IBO 

150 

Spruce  (With  grain). 
*'       (across    "   ). 

800 •      BOO 

400       ISO!      800 



160 

Locust  (with  grain), 
(across   ''    ). 

1  900 

1  Ono 

600 

1 

1 

......l.'.V..'. 

Hemlock  (with  grain } 
*•    (across    "  ). 

1       SRO 

BOO 

950 



Chestnut            (with 
grain) 

»» 

1  000 

600 
1  000 

Chestnut        (across 
grain) 

1 

1 

1"      ' 

710 


8TRUCTCRAL   DESIGN   OF  BUILDINGS. 


[Papers. 


TabijE  11. — Permissible  Unit  Stresses  in  MatebiaiiS. 


Pounds  per  8<iuarb  Inch. 

Siaterial. 

1 
1 

1 

1 

|. 

d 

1 

og 

^' 

8?iear— Steel 

9000 

10  000 
8000 
7000 

10  000 

11000 
8800 

10  000 

7000 

9000 
8000 

7000 

9000 
8000 

9000 
7600 

9000 

10  000 
8000 
7000 

ISOOQ 

*'     Shop  rivets  and 
pins 

•9  000 

'*     Field  rivets 

"     Field  bolts 

7000 
700O 

Soft  steel 

8750 
10  000 
7600 

Med.    "    

Wrouarht  iron 

1 

caSb^    "  ;;:;:;::::: 

8000 
70 

600 
40 

850 
fiO 

8000 
70 

600 
40 

850 
50 

S90 

Yellow  pine  (with  grain) 

"         "    (across  "  ) 

White      •*    (with     »*  ) 

100 

100 
1  180 

100 

80 

"         "    (across  *'  ) 

Spruce  (with             "■  ) 

80 

70 
750 

80 

''       (across          "•  )      sao 



Oak  (with                   ''  ) 

100 
600 
100 
780 
40 
875 
150 

150 

lOOi 

•*    (across               "  ) 

600 
100 
780 

Locust  (with             "    ; 
'*       (across          'i   ) 



1 

Hemlock  (with          -  ) 
"        (across       *'  ) 

60 
680 



Chestnut  (     "           "  ) 

1" 

..  .  .|..  .. 

*  For  Rivets— Pins  18  000  lb.  per  sq.  in. 
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Table  12. — Permissible  Unit  Stresses  in  Materials. 


Pounds  raa  Squakb  Inch. 

Material. 

1 

>* 

1 

1 

i 

1 

16  000 

1 

16  000 

J6 

1 

So 

00 

Bending^ILoWed  steel  beams. . . 
Rolled     steel     pins, 
rivetfl  and  bolts 

16  000 
20  000 

16  000 
QQ  Knn 

16  000 
22  600 

16  000 

16  000 

20  000 

14  000 
8000 

16  000 

1  200 

600 

16  000 
20  000 

Riveted  steel  girders, 
net  section 

14  OOo'lfi  000 

18  600 

18  600 

12  600 
8000 

18  6*10 

1  440 

900 

12  000* 

Cast  iron  (tension)... 
Ca8t  iron  (compres- 
sion)  

8000 

16  000 

1  200 

800 

800 

1  UOO 

1  20U 

600 

800 

2600 

8  760 

2600 

8000 
1  260 

Yellow  pine 

1260 
760 
760 

1  000 

1  660 

i'ioo 

1  HOO 

•i066 

White  pine 

7601  1  060 

Sonice 

760 
1  000 



600 :::::. 

SSr!?.::::::::::::::: 

1  860 

1  860 

1  060 

1  000 
1  200 

Ixwust 

Hemlock 

900 

^ 

1  060 

1  060 

Chestnut 

600 

Washington  flr 

1  800 

CfranitpT- 

160 

ISO 

IftO 

400 

120 

100 

800 

80 

£0 

16 

10 

60 

80 



Qneiss 

Limestone 

'  *     1.  ... 

Slate   

... 

Mf^rhlA      , 

'.'.'.'... 

Sandstone 

Bluestone 

PorUand  cement  1:2:4 

1:2:6 

Natural         "       1 :2:4 

1 

"      1:2:6 

1 

... 

Brick  (common) .... 

1 

Brickwork  in  cement 

1            1 

1 

^Compression  Flange  (gross  section.) 
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TABLE  13. — PebmissibiaE  Unit  Stbesses  in  Materials. 


POCNDB  PEB  SQUARB  IKCH. 


Material. 


Columns: 


Yellow  pine 


i  =  .0. 
18. 
16. 


26. 

80. 
40. 
45. 
50. 


I  784 
780 

I  640 

660 

!  460 


White  pine  and  spruce-^  =  10. 


12.. 

620 

15.. 

676 

20.. 

600 

25.. 

425 

80.. 

850 

86.. 

46.. 

... 

60.. 

Oak 


4  =  >o. 


660 


780 


12.. 

696 

16.. 

645 

20.. 

660 

26.. 

475 

80.. 

890 

40.. 

... 

46.. 

... 

60.. 

1  000 

875 

750 
625 
500 

1     625 
500 


875 

850 

760 

>    650 

660 
470 
875 


»^|C) 


►  1  000 

'    875 

-    750 

685 

.    600 


I 


500 


eo 

I 


875 
250 


.    750 


660 


i  If"* 

II     i   4ro 

V    875 


o 
1 


1  000 

o 
^* 

I 


700 


I 


^  800 


•^Q 


!l 


I 


1  000 


K^    Q 


II 


.     700 


^^Q 


II 

03 


800 


»^  Q 


II 

05 


+     4- 


II 

00 


? 

3 


4-'     + 


i      § 

II       II 

05         05 


O 

9 


II  II 

3 

i  -- 

I 

f  "S 

I  I 


800 
784 

780.. 
640.. 
660. 
400. 


690.... 
575... 

50oL. 

I 
425'.... 

350.... 


7».. 

645 
fiOO. 

475:. 

I 
8901. 

I 
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TABLE  14. — Permissible  Unit  Stbessbs  in  Matebials. 


MatenaL 


Columru: 


Cast  iron....-; 


Steel.. 


Pouwos  PER  Squarx  Inch. 


KqiftS 


111 
III 


^  a 


i 


►^IS*^ 


4-    + 


II 

I 

a 

I 


I 


I 


+  + 


I 


SI'S 

-^  a 


to 

I 
'  I 

;    II 

'  S 
'  A 


II 

8 
V 


I 


4-      -H 


'"li^li 
+  + 


•I-   -I- 


i^'ft^ 


II  II 

OQ  05 

s  s 

A  V 


3 


+ 


11 


II 

05 


I 


Columns: 
Kazlmum 
limit' 


Maximum 


Umit ' 


180 
(steel 
and 
iron) 


80 


80 
(cast 
Iron) 


140 


45 


40 
(steel) 


40 
(steel) 


180 
(steel 
and 
Iron) 


80 
(tim- 
ber) 


Modulus  of 

elatticity: 


Iron 

Wblte  pine. . . 

Spruce 

Yellow  pine... 
White  oak.... 


80  000  000 

87  000  000 

750  000 

900  000 

1  800  000 

860  000 


*For  compreaeion  members  in  pin-connected  trusses,  use  75^  of  working  stresses 
for  columns. 


7J4 


STIiL^CrUR.VL    DESIGN"   OF    BUILDINGS. 
Table  15.— From  Boston  Building  Law. 


[Papers. 


Working  Strbssbs  fob  Columns  of  Cast  Iron. 


Round  Columns. 

RlCTANOULAH  COLUMNS. 

L 

S                           1                            S 

D 

Square- 
faced 
bearings. 

Round  and 

faced 
bearings. 

Round      '    ^^^ 

Round  and 

faced 
bearings. 

Round 
bearings. 

1.0 
1.5 
2.0 
2.5 
8.0 

8480 
7  120 
5  810 
4  710 
3  820 

7870 
6220 
4  810 
8  r20 
2020 

7860 
5  530 
4  100 
8  080 
2300 

8  810             8  820 
7  6T0              6  870 
6  400             5  580 
5  420             4  410 
4  590              8  540 

7870 
6830 
4  810 
8790 
2920 

NcTE.— In  this  table  L  =  Length,  in  feet. 


TVBLE  13. — WEianra  of  BuiLDiNa  Materials,  etc.,  in  Pounds 
PER  Cubic  Foot. 


Matbiual. 


Paving  brick 

Common  building  brick 

Soft  building  brick 

Granite 

Marble 

Limestone 

Sandstone 

Slas: 

Gravel 

Slate 

Sand,  clay  and  earth  ( dry> 
Sand,  clay  and  earth  ( wet) 

Mortar 

Stone  concrete 

Cinder  concrete 

Paving  asphaltum 

Plaster  of  paris , 

Glass 

Snow,  freshly  fallen 

Snow,  wet 

Spruce 

Hemlock 

White  pine 

Douglas  flr 

Yellow  pine 

White  oak 

Common  brickwork 

Rubble  masonry 

Ashlar  masonry 

Cast  iron 

Wrought  iron , 

Steel 

Plaster,  ceiling 


Weight. 


150 
120 
100 
170 
170 
160 
145 

40 
120 
175 
100 
120 
100 
180-160 

70 
100 
140 
160 

10 

50 

25 

25 

25 

80 

40 

60 

100-liiO 

180-150 

140-160 

450 

480 

400 

10  to  16  lb.  per  sq.ft. 
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TABLE  17.  — Typicaii  EijEgtric  Travblino  Cranes. 


Capacity  in 
tons. 


6. 
10. 
15 
flO, 
8S 

ao. 

40. 
60. 


Span. 

Wheel 
base. 

40 

8  ft.  6  In. 

00 

to  "  0  " 

40 

9  *'  0  '' 

60 

9  "  6  " 

40 

9  "  6  ** 

60 

10  '"  0  " 

40 

10  "  0  " 

60 

10  **  6  *• 

40 

10  "  0  " 

00 

10  "  6  " 

40 

10  *t  6  '» 

GO 

11  '*  0  " 

40 

11  "  0  " 

00 

18  "  0  " 

40 

11  "  0  " 

60 

12  "  0  " 

Maximum 

wheelload,in 

pounds. 


18  0C0 

18  000 

19  000 
81  (XX) 
86  000 
89  000 
88  000 
80  000 
40  000 
44  000 
48  0U0 
58  000 
04  000 
70  000 
72  000 
80  000 


8. 

V. 

10  Id. 

7  ft. 

M 

*' 

lain. 

8  ft. 

u 

i* 

" 

*♦ 

^, 

»• 

14  in. 

»!t. 

ii 

Weight  or  Rail 
fob: 


Plate 
Girders. 


Beams. 


40  1b.peryd. 

40 

40 

'* 

40 

45 

ti 

40 

46 

" 

40 

CO 

ii 

50 

no 

*k 

50 

66 

** 

60 

66 

** 

60 

00 

** 

60 

00 

** 

60 

70 

»* 

60 

70 

** 

00 

80 

** 

00 

80 

*» 

OO 

100 

t» 

60 

100 

** 

00 

1. — Wheel-load  can  be  assumed  as  distribnted  in  top  flange,  over  a 
distance  equal  to  depth  of  girder,  with  a  maximum  limit  of  30  in. 

2.— In  addition  to  the  vertical  load,  the  top  flanges  of  the  girder 
shall  withstand  a  lateral  loading  of  two-tenths  of  the  lifting  capacity 
of  the  crane,  equally  divided  between  the  four  wheels  of  the  crane. 

8  ==  Side  clearance  from  center  of  rail. 

r  =  vertical    *'  *'    top       "     " 

3. — The  top  flanges  of  the  crane  girders  shall  not  be  of  a  smaller 
width  than  one-twentieth  of  their  unsupported  length. 


TABLE  18. — Thiokitesb  op  Spbxtce  and  Whitb  Pine  Plank  for 

FliOOBS. 


Span, 

THI0KNS88,  IN  InCHXS,  VOR  VARIOUS  LOADH  PBR 

Square  Foot  of  Plank. 

In  feet. 

n>. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

80 

40 
1.1 

60 
1.8 

76 
1.6 

100 

186 
1.9 

160 
8.1 

176 
8.8 

soo 

8.4 

886 
8.6 

880 
8.7 

8.8 

800 
8.9 

886 
8.1 

860 
8.8 

875 
8.8 

400 

4 

0.9 

8.4 

6 

1.8 

1.4 

1.6 

1.9 

8.4 

8.0 

8.8 

8.0 

8.8 

8.4 

8.6 

8.7 

8.8 

4.0 

4.11  4.8 

6 

1.4 

1.0 

1.8 

8.8 

8.9 

8.1 

8.0 

8.8 

4.0 

4.8 

4.4 

4.0 

4.8 

4.9!  5.1 

7 '..... 

1.7 

1.9 

8.1 

8.6 

8.8 

8.7 

4.8 

4.5 

4.7 

4.9 

6.8 

5.4 

5.0 

5.8 j  0.0 

8 

1.0 

8.8 

8.4 

8.0 

8.8 

4.4 

4.8 

5.1 

5.4 

6.7 

6.9 

6.1 

1 

9 

8.1 

8..^ 

8.7 

8.4 

4.8 

4.7 

6.4 

5.8 

0.1 

.... 

....!.... 

10. 

8.4 
8.0 
8.9 
8.1 
8.4 

8.7 
8.0 
8.8 
8.0 
8.9 

8.1 
8.1 
8.7 
4.0 
4.8 

8.7 
4.1 
4.6 
4.9 
6.8 

4.8 
6.8 

6.8 

6.8 

6.0 

J 

11 

' 

' 

12.' ''.'",".['.' 

1 

....(.... 

18 

1 

........ 

....|. ......   . 

14 

['.'.'.C.'. 

....   ....!.... 

•     1 

i 

For  yellow  pine  use  nine-tenths  of  the  above  thicknesses. 
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LAKE  CHEESMAN  DAM  AND  RESERVOIR. 
Discussion.* 


By  G.  S.  Williams,  M.  Am.  Soc.  C.  E. 


Mr.  Williams.  G.  8.  WiLLiAMs,  M.  Am.  Soc.  C.  E.  —To  the  speaker,  outside  of  the 
very  interesting  information  in  regard  to  the  methods  of  constmction 
and  the  details  of  the  design  of  the  Lake  Cheesman  Dam,  the  most 
valuable  part  of  the  paper  is  that  by  Mr.  Woodard.  Engineers  have 
been  waiting  a  good  while  for  an  American  to  attack  this  problem  of 
the  analysis  of  the  relative  strains  set  up  in  a  dam  which  combines  the 
arch  and  the  gravity  sections,  and  they  should  feel  grateful  to  the 
authors  for  having  brought  out  a  solution  of  the  problem.  It  may  be 
remarked,  however,  that  where  a  dam  abuts  against  vertical  walls  the 
action  becomes  more  nearly  akin  to  that  of  a  plate  supported  on  three 
edges  than  to  that  of  a  beam  fixed  at  one  end. 

In  lookiug  over  the  paper  and  the  illustrations,  other  possible  solu- 
tions of  this  problem  have  been  suggested,  and  it  may  be  well  to  men- 
tion two  or  three  treatments  which  might  have  been  introduced,  per- 
haps with  no  better  results,  but  at  least  they  should  be  interesting. 

Undoubtedly,  all  have  been  impressed  with  the  fact  that,  to  start 
with,  there  were  two  solid  abutments,  and,  having  that  for  a  dam  of 
moderate  span,  and  by  moderate  is  meant  less  than  400  or  500  ft. ,  there 
seems  to  be  no  other  type  that  combines  greater  stability  with  a  mini- 

^Continued  from  August,  1904,  Proceedings.  See  March,  1904,  ProeeeditM,  for  paper 
on  this  subject  by  Charles  L.  Harrison,  M.  Am.  Soc.  C.  E.,  and  Silas  H.  WoodanL 
Assoc.  M.  Am.  Soc.  C.  E. 
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mum  of  material  than  an  arch,  pure  and  simple,  with  the  gravity  Mr.  Williams, 
section  eliminated. 

An  arch,  to  act  as  an  arch,  must  be  designed  so  as  to  have  a  consid- 
erable degree  of  elasticity,  or  the  arch  action  will  fail;  that  is  to  say, 
it  is  not  possible  to  get  arch  action  with  very  thick  material  unless  the 
stresses  are  extremely  high,  and,  therefore,  the  authors  were  fully  jus- 
tified in  eliminating  from  consideration  as  an  arch  the  lower  section  of 
the  dam. 

In  casting  up  the  possibilities  at  the  authors'  site,  without  going 
into  the  matter  very  definitely,  it  appears  that  the  controlling  point  for 
aa  arch  dam  was  at  an  elevation  of  about  150  ft.,  where,  on  account  of 
the  span,  a  radius  of  about  200  ft.  would  be  necessary.  Limiting  the 
stresses  to  those  computed  by  the  authors  for  the  existing  structure, 
it  appears  that  an  arch  of  about  25  ft.  thickness  would  be  required, 
and,  starting  with  that,  it  would  decrease  to  1  ft.  or  any  greater  thick- 
ness that  was  desired,  at  the  top,  without  increasing  the  stresses 
beyond  those  which  the  authors  allowed  in  the  structure  as  they  de- 
signe.l  it.  Their  stress,  as  they  show  it,  is  about  240  lb.  per  sq.  in. ,  or 
35  000  lb.  per  sq.  ft.,  and,  taking  that  as  a  limiting  stress,  which,  all 
will  agree,  is  a  perfectly  safe  stress  for  masonry  of  this  character,  a  dam 
might  have  been  designed  for  this  place  having  a  maximum  thickness 
of  25  ft.,  and  from  that  reducing  to  any  desired  thickness  at  the  top; 
that  design  being  a  simple  vertical  cylindrical  arch  above  the  150-ft. 
contour,  and  being  of  smaller  radius  below. 

Another  solution  that  appears  in  this  case,  is  to  have  desigpaed  the 
dam  as  an  inverted  cone,  and  the  spot  would  have  been  quite  favor- 
able for  such  a  treatment.  It  will  be  recalled  that  the  thrust  of  an 
arch  under  normal  loads  is  equal  to  the  pressure  on  the  extrados  into 
the  radius  of  the  extrados — ^not  that  of  the  center  line,  as  is  often 
incorrectly  assumed — so  that,  by  varying  the  radius,  the  thickness,  or 
the  total  thrust  to  be  taken  by  the  arch,  may  be  varied.  Starting  in 
that  way,  it  would  be  possible  to  make  the  dam  of  equal  strength,  but 
much  less  than  25  ft.  in  thickness  at  the  base,  if  such  were  desired.. 
Whether  or  not  it  would  be  safe  involves  consideration  of  the  permea- 
bility of  the  masonry,  and  that  is  possibly  an  open  question  with  some. 

Still  another  treatment  would  have  been  to  make  the  bane  of  tha 
dam  a  segment  of  a  sphere,  and,  recalling  that  the  thrust  in  a  spher- 
ical dome  is  only  one-half  of  that  in  a  cylinder  of  equal  radius,  still 
less  material  might  thus  be  used  in  the  base  of  the  dam,  and  then,  as 
the  upward  thrust  of  the  sphere  would  have  to  be  absorbed  by  the 
weight  of  the  material  above  it,  the  radius  of  the  sphere  would  be 
limited  to  that  giving  a  thrust  not  greater  than  the  weight  of  the 
material  above  its  equator. 

These  are  only  offered  as  possible  solutions,  and  there  may  have 
been  reasons,  other  than  structural  ones,  for  not  adopting  such 
departures  from  former  general  practice. 
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Mr.  wiuiams.  Not  long  ago  it  fell  to  the  speaker's  lot  to  design  a  dam  for  a  spot 
which  seemed  to  be  equally  well,  if  not  even  better,  suited  for  the  arch 
solution  of  the  problem,  and,  as  illustrating  a  purely  arch  desigp,  that 
location,  the  structure  designed,  and  the  structure  built,  are  shown  in 
Plates  XXXIX,  XL  and  XLI.  This  site  was  in  the  vicinity  of  Ithaca, 
N.  Y.,  about  2  miles  from  the  center  of  the  town,  and  the  work  was 
designed  for  the  Ithaca  Water- Works  Company.    • 

The  Six-Mile  Ckeek  Dam. 

Location  and  Conditions. — Six-Mile  Creek,  a  stream  having  a  quite 
precipitous  drainage  area  of  about  48  sq.  miles  above  the  point  in 
question,  there  passes  in  a  northerly  direction  through  a  gorge  or 
miniature  canon  about  500  ft.  long  aad  90  ft.  wide.  The  location 
selected  for  the  dam,  Fig.  1,  Plate  XXXIX,  was  near  the  upper  end  of 
this  gorge,  where  the  rock  on  the  east  side  rises  to  a  height  of  90  ft. 
above  the  bed  of  the  stream,  overhanging  in  its  rise  4  or  5  ft.,  and  on 
the  west  side  a  similar  wall,  receding  6  ft.  in  its  height,  rises  70  ft. 
above  the  bed.  On  both  sides,  the  rock  was  surmounted  by  a  heavy 
deposit  of  drift  clay,  containing  boulders,  but  quite  impervious,  and 
rising  with  a  slope  of  nearly  30°  for  50  or  100  ft.  more.  The  rock  was 
the  bluish-gray  shale  so  common  in  that  region,  traversed  at  inter- 
vals of  from  a  few  inches  to  several  feet  with  nearly  parallel  fissures, 
the  sides  of  which,  except  near  the  exposed  walls  of  the  gorge,  were 
in  close  contact,  and,  where  open,  the  seams  were  filled  with  fine  clay 
washed  in  from  the  covering  beds.  The  planes  of  the  fissures  were 
also  nearly  parallel  to  the  axis  of  the  gorge.  On  the  exposed  faces 
the  rock  was  weathered  for  a  depth  of  about  6  in.  to  a  varying  extent, 
thereby  showing  very  clearly  its  stratified  character;  but,  where  the 
weathered  surface  was  removed,  the  faces  of  the  fissures  showed  a 
smooth,  dense  rock  without  apparent  horizontal  seams,  except  at 
intervals,  usually  of  several  feet.  The  bottom  of  the  gorge  was 
covered  to  a  depth  of  about  6  ft.  by  a  deposit  of  sand  and  gravel, 
caused  by  the  construction,  a  few  years  previously,  of  a  small  dam  at 
its  outlet.  The  bed  itself  was  of  shale  rock,  similarly  fissured  and 
nearly  level  throughout  three- fourths  of  the  width  of  the  gorge,  and 
rising  in  steps  of  about  4  ft.  near  the  west  wall. 

As  the  location  was  only  a  short  distance  above  the  city,  and, 
as  a  failure  of  the  structure  would  involve  considerable  financial  Iobs, 
not  only  to  the  citizens  generally,  but  especially  to  the  Water  Com- 
pany, whose  pumping  station  was  on  the  bank  of  the  stream  less  than 
a  mile  below,  it  was  at  once  apparent  that  a  type  of  dam  should  be 
selected  which  would  be  stable  against  all  possible  contingencies. 

The  conditions  being  such  as  to  call,  first  of  all,  for  an  overfall 
dam,  and  the  seams  in  the  bottom  running  longitudinally  of  the 
gorge  and  thus  possibly  permitting  percolation  and  an  upward  press- 


PLATE  XXXIX. 

PAPERS,  AM.  80C.  C.  E. 

SEPTEMBER,  1904. 

WILLIAMS  ON 

SIX-MILE  CREEK  DAM. 


Fio.  1.— Site  op  Six-Mils  Crxkk  Dak. 


Fio.  2.— Building  the  Six-Mile  Creek  Dail 


Papers.]    DISCUSSION  :  LA.KE  CHEESMAN  DAM  AND  RESERVOIR.    719 

ure  on  the  b^e,  ware  to  the  spaaker  the  strongest    of    arguments  Mr.  WiiUams. 
against  the  adoption  of   a  gravity  section  of   the  ordinary  type  in 
this  location. 

Were  the  problem  presented  of  carrying  a  roadway,  even  for  the 
heaviest  kind  of  traffic,  across  the  gorge  in  question,  no  one  would  for 
a  moment  think  of  laying  pipes  or  building  culverts  along  the  bottom 
and  filling  the  chasm  level  full  of  masonry  on  top  of  them,  nor  would 
he  put  in  a  seiies  of  piers  and  connect  them  with  short  plate  girders; 
but  the  one  obvious  and  correct  solution  would  be  to  span  the  depres- 
sion with  an  arch  either  of  metal,  wood  or  masonry.  Bearing  in  mind 
that   the  arch,  under  vertical  moving  loads,   can  never  be  in  equi-  i 

librium,  but  must  always  resist  varying  bending  moments,  and  that 
under  normally  applied  uniform  forces  a  circular  rib  will  be  in  equi- 
librium, and  subject  to  no  bending  moments,  except  those  possibly  in- 
duced by  temperature  changes  and  the  compression  of  the  material 
itself,  which  are  also  similarly  possible  in  arch  bridges,  the  propriety 
of  applying  the  concrete  arch  to  the  problem  becomes  at  once  appar- 
ent, for  it  will  be  seen  that  the  only  possible  means  of  failure  for  a 
circular  arch  under  normal  uniform  forces  is  by  the  ultimate  crush- 
ing of  the  material;  and  the  conditions  of  the  permeability  of  the  base 
or  foundation  rock  and  consequent  upward  pressure  underneath  the 
dam,  or  a  side  pressure  at  the  ends,  have  no  influence  upon  the  sta- 
bility of  such  a  structure  in  this  location.  The  only  possible  ways 
for  it  to  be  destroyed  by  natural  means  are  by  the  yielding  of  the 
abutments  to  such  an  extent  as  to  cause  the  ultimate  crushing 
strength  of  the  material  to  be  exceeded,  or  by  the  direct  application 
of  such  a  pressure  as  to  bring  about  such  a  stress. 

Design, — One  of  the  chief  criticisms  directed  against  arch  dams  has 
been  that,  by  reason  of  the  rigidity  of  the  base,  the  arch  action  could 
not  be  developed  in  their  lower  part,  and,  while  the  speaker  is  not  one 
of  those  who  would  argue  that  a  barrel  is  weaker  against  external 
pressure  by  reason  of  having  the  heads  in  it,  yet,  to  overcome  this  ob- 
jection, and  avoid  as  far  as  possible  stresses  of  opposite  signs  acting 
at  right  angles  to  each  other,  a  condition  which  certainly  weakens  the 
material's  ultimate  capacity  to  resist  either  one,  recourse  was  had  to 
a  design  similar  to  that  introduced  in  an  egg-ended  boiler,  and  the 
base,  as  shown  by  Fig.  30,  was  made  of  the  form  of  a  portion  of  a 
torus  or  ring.  The  whole  structure  was  to  be  90  ft.  in  height,  and  the 
radius  of  the  vertical  curve  of  the  base  was  20  ft.,  selected  so  that  the 
upward  thrust  at  Elevation  185  would  never  exceed  the  downward 
pressure  transmitted  through  the  material  above.  By  this  construc- 
tion it  became  possible  to  utilize  the  bed  of  the  stream  as  an  abut- 
ment at  /  8,  and  still  permit  of  elastic  deformations  and  true  arch  or 
dome  action  near  or  at  the  base.  By  inclining  the  radius  at  the  junc- 
tion of  the  torus  with  the  superimposed  cylinder  at  h  r,  an  up-stream 
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Mr.  Williams,  thrust  at  this  point  was  obtained  from  the  former  tending  to  oppose 
the  pressure  of  the  water  and  decrease  the  horizontal  circumferential 
thrust  in  the  cylinder.  Similarly,  the  inclination  of  that  portion  of 
the  structure  above  b  r  also  introduces  a  thrust  up  stream,  acting 


raoo. 


SECTIONAL  ELEVATION  ON  CENTER  LINE 


Fio.  80. 

likewise  to  decrease  the  horizontal  circumferential  thrust.  Abore  this 
plane,  to  Elevation  250. 10,  the  section  is  made  up  of  a  series  of  frus- 
tums of  conical  shells.  From  250.10  to  254.25  it  is  a  segment  of  a 
ring,  and  from  254.25  to  the  crest  at  260.0  it  is  a  segment  of  a  conical 
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dome.     The  radii  of  the  extrados  or  up-stream  face  are  shown  on  the  Mr.  Wtuiama. 
left  of  the  section,  and  of  the  intrados  on  the  right.    The  maximum 
Tadius  of  the  extrados  was  67.75  ft.  and  that  of  the  crest  50  ft. 

The  axes  of  the  two  faces  are  not  coincident,  that  of  the  down- 
stream face  being  2.25  ft.  up  stream  from  that  of  the  up-stream  face, 
thus  making  the  dam  somewhat  thicker  at  the  abutments  than  at  the 
center. 

The  shape  of  the  crest  was  selected  for  the  following  reasons : 

First,  a  form  was  desired  which  would  discharge  a  maximum  quan- 
tity of  water  at  heads  above  2  ft.,  and  the  one  selected  has  been  found 
by  experiment  to  approximate  closely  to  such  a  condition. 

Second,  a  form  was  desired  which  would  readily  permit  of  ice 
climbing  it,  and  the  slope  of  45<=^  adopted  answers  this  requirement 
well. 

Third,  a  form  was  desired  which  would  insure  positive,  certain  and 
•continuous  aeration  of  the  region  behind  the  sheet,  and  the  prevention 
of  the  formation  of  even  a  minute  vacuum  the;re,  and  the  large  space 
between  the  face  of  the  dam  and  the  falling  water,  in  free  communica- 
tion with  the  air  outside,  effectually  precludes  the  occurrence  of  a 
condition  which,  the  speaker  believes,  has  been,  to  no  small  extent, 
responsible  for  the  failure  of  overfall  dams  in  the  past. 

Fourth,  a  form  was  desired  which  would  deliver  the  overfalling 
sheet  well  away  from  the  toe  of  the  section,  and  an  inspection  of  Fig. 
30  shows  that  this  condition  has  been  met. 

As  a  further  protection  to  the  bottom,  and  also  to  insure  a  uniform 
upward  thrust  at  b  r,  whether  the  pond  were  full  or  in  jflood,  a  second 
dam,  15  ft.  high,  was  to  be  constructed  about  the  middle  of  the  gorge, 
170  ft.  down  stream  from  the  main  dam,  the  overfall  from  which  would 
be  received  in  a  pool' formed  by  the  old  low  dam  already  mentioned, 
which  is  210  ft.  farther  down  stream.  This  lower  or  middle  dam  was 
to  be  a  segment  of  a  frustum  of  a  cone  with  a  crest  radius  of  60  ft. 

Computation,  of  Stresses, — For  preliminary  purposes,  the  well-known 
formula,  T  ==  p  R,  wherein  7'  =  the  thrust  or  pull  in  the  sheet,  p  = 
the  normal  force,  and  R  =  the  radius  of  the  face  to  which  the  force  is 
applied,  may  be  used,  and,  were  the  section  cylindrical,  p  would  be 
the  water  pressure  and  R  the  horizontal  radius,  and  this  formula 
would  be  rigidly  applicable  for  the  determination  of  the  arch  stresses. 
As,  in  the  present  design,  the  faces  are  generally  inclined,  this  fact 
must  be  taken  into  account,  and  the  formula  becomes  T  =  p  R  sec.  t, 
R  being  still  the  horizontal  radius  and  i  the  angle  of  incliDation  of 
the  face  from  the  vertical.     If  the  thickness  be  represented  by  Fy  then 

the  unit  thrust,  /  =  - — „        for  a  section  one  unit  high,  omitting  the 

effect  of  the  inclination  iii  producing  a  radial  thrust  opposite  to  7' 
As  this  counter  thrust  actually  reduces  T,  it  is  evident  that  stresses 
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Mr.  Wiafams.  computed  by  the  foregoing  formula  will  be  greater  than  those  reallj 
existing  in  the  horizontal  circumferential  direction.  For  a  flood  10  ft. 
in  depth  above  the  crest  of  the  dam,  which  requires  a  run-off  of  35^ 
cu.  ft.  per  sq.  mile  per  sec. ,  while  the  largest  flood  on  record  in  thi» 
stream  gave  less  than  100  cu.  ft.  and  would  require  about  4  ft.  head, 
the  approximate  thrusts  in  the  horizontal  arches  by  the  above  formula 
are  as  given  in  Table  9. 

TABLE  9. — Approximate  Stresses  (in  excess  of  reaii  stresses, 

EXCEPT  ON   OVERHANG  NEAR  CREST.) 


Pressure  of 

Horizontal 

p  R sec. i  = 

Thickness, 

in  inches. 

F. 

Unit  thrust. 

Elevation. 

water,  in  pounds 
per  square  inch. 

radius,  in 
inches. 

thrust,  in 
pounds. 

In  pounds  per 
square  inch. 

p. 

R. 

T. 

t. 

260 

8.66 

711 

6870 

86 

177 

S41 

12.00 

740 

9700 

47.4 

208 

283 

10.00 

762 

12  660 

67 

22i 

285 

10.60 

77d 

16  795 

64.7 

244 

217 

28.00 

7M 

18  960 

78 

2flO 

200 

V6.46 

808 

22  100 

80 

278 

201 

20.90 

809 

24  200 

86 

281 

108 

82.40 

818 

26  830 

08 

284 

The  thrusts  in  the  torus  base,  being  largely  absorbed  by  the  ver- 
tical arch  of  240  in.  radius,  give  much  lower  unit  stresses. 

For  a  final  and  more  accurate  determination  of  the  stresses,  the 
method  used  was  as  follows: 

A  vertical  slice  of  the  dam  at  the  center,  1  in.  thick  at  the  up- 
stream face,  was  cutout  by  vertical  radial  planes  and  divided  by  plaues 
normal  to  the  up-stream  face  into  31  blocks,  of  which  Kos.  1  to  7,  in- 
clusive, are  on  the  overhang,  8  to  22  on  the  curved  upper  body,  23  is 
the  cylinder,  and  24  to  31  are  on  the  torus  base. 

Beginning  at  the  top,  the 
force  due  to  water  pressure  and 
that  due  to  the  weight  of  the 
block  above  the  plane  of  its  base 
are  combined  by  a  simple  tri- 
angle of  forces.  Fig.  31,  and  the 
resultant,  F,  resolved  into  a 
horizontal  component,  P^,  and 
one  normal  to  the  base,  P„.  For 
the  next  section,  this  resultant, 
Pj  is  combined  with  the  weight 
of  the  added  block  and  the  force 
due  to  pressure  upon  it,  and  a 
new  resultant  obtained  which 
is  resolved  as  above.     Then,  by 
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Fig.  32,  the  forces  acting  on  «  Mr.  WUliams. 

the  block  in  question  are: 
F^  =  the  water  pressure 
on  the  face  of  the 
block  acting  nor- 
mally thereto; 
P^  =  the  component  of 
the    total    press- 
ure,    P,    normal 
to  the  base; 
P„__j  =  the    component  of  ^9-  M- 

the  total  pressure,  P,  normal  to  the  plane  of  the  top  of  the 
block,  which  ==  P^  for  the  section  next  above; 
J  6r  =  the  weight  of  the  block; 

T  =  the  horizontal  thrust  in  the  arch  ring; 

R  =  the  horizontal  radius  of  the  up-stream  face; 

0  =  the  angle  which  the  top  and  bottom  faces  make  with  each 

other; 
rf)  =  the  angle  which  the  side  faces  make  with  each  other; 
t  =  the  angle  which  the  normal  to  the  up-stream  face  makes 
with  the  horizon. 
Strictly,  the  slice  should  have  been  cut  out  between  meridional 
planes,  in  which  case  its  thickness,  if  1  in.  at  the  crest,  would  have 

been    , '      =  1. 355  in.  at  the  cylinder;  or,  being  1  in.  thick  at  the 

cylinder,  it  would  have  been  0.738  in.  at  the  crest.  The  effect  of  this 
correction  would  be  to  reduce  slightly  the  components  of  G,  but  this 
is  compensated  for  by  taking  a  low  value  for  the  weight  of  the  mate- 
rial, 1401b.  per  cu.  ft.,  and  by  neglecting  to  consider  the  weight  of 
the  metal  in  the  structure.*  At  the  base  of  Section  7  the  theoretical 
thickness  for  a  slice  1  in.  thick  at  the  cylinder  would  be  0.874  in.,  and 
the  thinness  of  the  sections  in  a  radial  direction  at  the  top  makes  the 
error  possibly  introduced  of  small  practical  moment. 
For  equilibrium,  by  Fig.  32: 


or, 


,-  ]  (P„  +  P„_i)  Bin.  ^ 


it> 


J  O  sin.  i  -f  2  r  sin.  ^  cos, 


.  I  [  =  0, 


2  I' sin.  „  COS. 


6 


i=Pu,-\-  ^  ^  sin.  I  —  (Pn  +  Pn-\)  sin.  ^ 

If  H  ^  the  total  horizontal  force  carried  by  the  horizontal  arch ; 
F^  =  ihe  area  of  the  vertical  faces; 
Ff,  =  the  area  of  the  normal  faces ; 

^  The  weight  of  the  concrete  alone,  without  the  added  boidders,  was  141.4  lb.  per 
CO.  ft.  Thebiick  facing  weighed  144.4  lb.  per  cu.  ft.  and  the  iron  and  steel  averaged 
more  than  0.8  lb.  per  cu.  ft.  ot  the  entire  mass,  one-half  of  this  weight  being  within  2  ft. 
of  the  crest. 
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Mr.  WflUams. 


TABLE  10. — AhaiiYsib  of  Stbbsses  im  Six-Mii£  Crebk  Dak, 

(Slide-Bole 


li 

Total  Prisb- 

Total  Pbbs- 

Watbb  Ebbbb- 

CBB  ABOVK 

uubNobmal 

URB  NOBMAL 

Base 

TO  Facb 

SacnoN. 

OP  Skctiox. 

Sscnoir. 

OP  SBcnoH. 

p. 

POUKIW. 

POUKDS. 

POUITDB. 

w^ 

1 

section. 

£ 

AG. 

Pounds. 

No. 

1 

1 

1 

1 

1 

a 

a 

1 

i 

1 

J 

1 

i 

1 

i 

s 

d 

^ 

(1) 

(«) 

(3) 

(*) 

(») 

(6) 

(7) 

(8) 

(«) 

(10) 

(11) 

1 

1 

266.7 

284 

588 

292 

686 

94.8 

467 

157.0 

2 

264 ;66 

254.0 

275 

696 

840 

776 

118.6 

585 

178.0 

8 

268.26 

258.5 

827 

802 

878 

800 

80.2 

81 

82.5 

4 

fe  ■ 

262.75 

258.0 

874 

874 

40S 

820 

85.4 

h7.4 

94.0 

5 

1 

252.06 

252.5 

482 

978 

440 

880 

a8.& 

8B 

26.4 

6 

251.15 

261.6 

486 

1084 

471 

940 

44.2 

96 

96.6 

7 

250.25 

550.7 

547 

1180 

R08 

965 

47.8 

99 

89.0 

8 

249.8. 

249.8 

608 

1216 

546 

HS5 

51.0 

loe 

80.0 

9 

246.0 

247.1 

974 

1800 

808 

1800 

2«6.0 

526 

102.0 

10 

^ 

241.0 

248.0 

1896 

2400 

1075 

1605 

864.0 

578 

m.5 

11 

2 

287.0 

289.0 

19B0 

8  120 

1S82 

1975 

449.0 

668 

191.5 

12 

^ 

288.0 

285.0 

2520 

8900 

1600 

2  aw 

688.0 

746 

90S.0 

18 

1 

229.0 

281.0 

8200 

4  810 

2080 

2690 

616.0 

887 

8S.0 

14 

23a.O 

227.0 

8968 

6770 

2888 

8070 

698.0 

910 

8S6.0 

15 

p 

221.0 

228.0 

4  818 

6880 

2  765 

8600 

777.0 

989 

848.0 

16 

•2 

217.0 

219.0 

5725 

7982 

8135 

8900 

860.0 

1066 

861 .5 

17 

218  0 

215.0 

6  710 

9110 

8486 

4800 

MO.O 

1150 

27Q.5 

18 

3 

209.0 

211.0 

7770 

10  400 

8  875 

4  710 

1O0O.O 

1229 

981.0 

19 

s 

206.0 

207.0 

8926 

1178<» 

4240 

5U5C 

1102.0 

181U 

280.0 

20 

a 

201.0 

208.0 

10180 

18150 

4620 

5420 

1187.0 

1898 

318.5 

21 

O 

197.0 

199.0 

11440 

14  090 

6000 

6880 

1260.0 

1478 

884.0 

22 

198.0 

195.0 

12  855 

16  260 

5400 

6220 

1852.0 

1560 

886.0 

28 

Cylinder. 

185.0 

189.0 

15  826 

19  490 

6060 

6900 

2960.0 

8202t 

088.0 

24 

182.8 

188.9 

16  620 

20  480 

6200 

7  050 

888.0* 

884+ 

ise.o 

26 

m 

180.7 

181.8 

17  400 

21800 

6800 

7160 

844.0* 

894+ 

158.0 

26 

1 

17H.6 

179.7 

18140 

22120 

6880 

7280 

856.0* 

907+ 

155.7 

27 

176.6 

177.4 

18  880 

22  890 

6850 

7260 

866.0* 

918+ 

1SS.6 

28 

174.8 

.75.7 

19  580 

23  540 

6380 

7280 

876.0* 

925+ 

150.0 

29 

178.1 

174.0 

20120 

24  200 

6200 

7160 

885.0* 

988+ 

lU.i 

80 

O 

171.5 

172.8 

20  600 

24  800 

5050 

7020 

888.0* 

988+ 

184.1 

31 

i 

170.0 

170.7 

21050 

28  850 

5680 

6880 

898.0* 

942t 

184.6 
S58BS.5 

*  Component  of  water  pressure  on  dovirn-stream  face  subtracted. 

S  Strictly.  K,  for  center  of  gravity,  should  be  used,  since  f oroeB  are  combined  thece. 
By  so  doing  tne  horizontal  thrusts  would  be  reduced  about  2V  at  the  top  and  7)iV  At 
the  cylinder. 
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Mr.  Williamt. 


Omtttino  Influence  of  Attachments  at  Sides  and  Bottom. 
Compatations.) 


1 

THRt-BTS  DT    iRCHEH,  IS 

PoirBtDfi 

■a 

Total  Fobck 

PER  S«rARl  IXGfi 

. 

p 

Carrixd 

^ 

§ 

BY  Horizontal 
Arch. 

TZ 

Sine 
» 
2 

Sec. 
1. 

Tan. 
I. 

hi 

of  section, 
feet. 

Base  of  section. 
Square  inches. 

H. 
Pounds. 

Horizontal. 
^        HR 

'-i2f;^ 

Vertical. 

o 

1  ^ 

1 

*a 

1 

■*i 

•d 

1 

1 

1 

1 

s 

1 

%4 

6 

1 

s 

(la) 

(13) 

(14) 

(15) 

(16) 

(IT) 

(18) 

(19) 

(«0) 

(ai) 

(«») 

(5»3) 

O.OOD 

1.414 

1.000 

54.40 

18.45 

26.2 

291.0 

817 

98 

275 

11.1 

26.2 

0.000 

1.414  il.OOO 

54.70 

15.26 

26.9 

846.0 

984 

106 

279 

12.8 

28.8 

0.487 

IMh   0.896 

66.96 

1.98 

28.2 

86.7 

76 

90 

187 

18.4 

28.4 

0.487 

1.280 

0.718 

57.80 

2.06 

29.8 

14.5 

28 

88.7 

65 

13.5 

27.5 

0.487 

1.161 

0.800 

58.15 

2.18 

81.1 

0.7 

28 

1.5 

51 

14.1 

82.0 

0.487 

1.108 

0.414 

58.80 

2.28 

82.1 

10.9 

20 

28.8 

48 

14.7 

88.8 

0.487 

1.068 

0.806 

59.00 

2.48 

82.8 

9.8 

15 

18.4 

80 

15.8 

30.0 

o.mo 

1.016 

0.277 

69.80 

2.67 

83.2 

30.8 

54 

58.8 

104 

16.4 

29.1 

0.010 

1.040 

0.270 

60.05 

14.20 

40.7 

382.7 

666 

117 

199 

19.9 

82.0 

O.OIO 

1.066 

0.250 

61.15 

15.26 

46.9 

879.2 

611 

127 

204 

28.4 

85.0 

0.010 

1.080 

0.287 

62.12 

16.98 

60.1 

482.4 

691 

147 

211 

27.6 

89.4 

0.010 

1.027 

0.228 

68.05 

18.56 

55.3 

563.5 

770 

160 

218 

80.6 

42.1 

0.010 

1.0B2 

0.200 

63.87 

19.85 

57.8 

636.5 

889 

170 

225 

85.1 

46.5 

0.010 

1.017 

0.171 

64.60 

21.10 

62.8 

705.8 

908 

180 

281 

88.8 

49.8 

0.010 

1.014 

0.160 

65.82 

22.45 

66.7 

774.9 

972 

188 

287 

42.0 

58.8 

0.010 

1.011 

0.180 

65.87 

22.90 

69.2 

841.0 

1086 

202 

248 

45.8 

56.4 

0.010 

1.007 

0.110 

66.86 

24.68 

72.8 

909.8 

1106 

204 

2i8 

48.2 

59.5 

0.010 

1.006 

0.089 

66.74 

25.40 

76.8 

975.0 

1  171 

218 

257 

60.8 

61.7 

0.010 

l.OOti 

0.066 

67.08 

26.70 

79.6 

1048.3 

1284 

218 

258 

58.8 

68.5 

0.010 

1.002 

0.044 

67.33 

28.86 

81.6 

1  118.8 

1804 

220 

258 

56.7 

66.8 

O.OIO 

0.010 

1.001 

0.044 

67.52 

29.50 

86.0 

1188.3 

1880 

226 

268 

58.8 

68.6 

1.001 

0.044 

67.67 

29.50 

87.6 

1264.8 

1455 

241 

278 

61.5 

71.0 

0.0022 

l.OOf) 

0.000 

67.75 

62.00 

87.6 

2  888.0 

8  126 

262 

286 

69.0 

78.8 

0.068 

1.0016 

0.0574 

67.70 

13.60 

87.0 

482.9 

487 

200 

202 

71.5 

81.0 

9.068 

1.0135 

0.1648 

67.46 

18.60 

85.5 

157.0 

117 

05 

48.3 

78.7 

98.7 

O.05S 

1.0874 

0.2720 

67.00 

18.30 

84.0 

148.0 

107 

62 

44.9 

75.4 

86.2 

0.068 

1.075 

0.8940 

66.28 

18.10 

81.6 

164.0 

116 

69 

48.9 

77.6 

89.0 

0.068 

1.128 

0.5228 

66.43 

12.80 

78.5 

157.0 

99 

67 

42.1 

79.6 

92.2 

0.058 

i.aoi 

0.6657 

64.82 

12.10 

74.8 

175.0 

no 

78 

48.8 

88.5 

96.8 

0.068 

1.800 

0.8809 

ff<.07 

11.50 

69.9 

206.0 

181 

94 

59.8 

85.1 

100.4 

0.063 

1.484 

1.0282 

61.60 

10.70 

64.4 

259.0 

160 

124 

75.7 

88.8 

106.0 

t  Component  of  water  pressure  on  down-stream  face,  due  to  8  ft.  head  on  lower  dam 
subtracted. 

I  At  center  of  sections. 
T  At  base  of  sections. 
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ijr.  Williams.  t  =  the  unit  preBsure,  per  square  inch,  on  the  horizontal  arch 

at  the  center  of  the  section; 
8  =  the  unit  pressure,  per  square  inch,  on  the  vertical  arch  at 
the  base  of  the  section; 
then 

H=2  TBin.  2=\_P^—  '^«  +  ^n  -i)  8i°-  2  ]  ^^^'  *'  +  ^  ^  *»»•  *•  (3) 
But,  bj  the  dimensions  of  the  block,  sin.  ^  =  ^in.  -^  M,  in  inches; 

therefore, 

H  =  2T  ^ (4) 

or  T=HR (6) 

T      H  R  . 

and  t  =  p~  ~p~ (6) 

and  «=^ (7) 

For  R  and  F,  in  feet,  Equation  6  becomes 

'=SI («) 

Table  10  presents  the  elements  of  this,  computation  for  a  full  pond 
and  for  a  10-ft.  flood. 

Comparing  the  stresses  induced  for  the  two  cases.  Columns  20  to 
23,  the  interesting  fact  is  discovered  that  in  this  structure  the  unit 
stresses  in  the  horizontal  arches  of  the  torus  base — the  weakest  spot, 
apparently,  if  the  design  be  judged  by  inspection  simply — are  less  for 
the  case  of  a  flood  than  for  that  of  a  full  pond,  and,  in  spite  of  the  ap- 
parently thin  section  at  the  toe,  the  maximum  stress  is  only  124  lb. 
per  sq.  in.,  while  the  maximum  anywhere  in  the  structure,  under  as- 
sumed conditions  far  beyond  any  possible  contingency,  is  less  than  285 
lb.  per  sq.  in.  Using  the  radius  of  the  center  of  gravity  of  the  cylin- 
drical block,  which  is  approximately  63  ft.,  the  maximum  unit  stress 

in  the  dam  is  seen  to  be  ,._^  X  285  =  265  lb.  per  sq.  in.,  or  19.08  tons 
o7.7o 

per  sq.  ft. 

Owing  to  the  thicker  section  of  the  dam  as  it  approaches  the  abut- 
ments the  corresponding  maximum  pressures  on  the  rock  are:  for  the 
east  abutment,  247  lb.  per  sq.  in.,  or  17.8  tons  per  sq.  ft. ;  and,  for  the 
west  abutment,  211  lb.  per  sq.  in.,  or  15.2  tons  per  sq.  ft.  By  way  of 
comparison,  it  may  be  recalled  that  the  pressures  on  the  foundations 
of  the  Rookery  Building,  in  Chicago,  and  those  of  the  old  Brooklyn 
Bridge  are  given  as  400  lb.  per  sq.  in.,  or  28.8  tons  per  sq.  ft.,  while 
the  concrete  and  low-grade  rubble  base  of  the  Washington  Monument 
is  subjected  to  loads  of  525  1b.  per  sq.  in.,  or  37.8  tons  per  sq.  ft. 
There  are  also  a  number  of  unrein  forced  concrete-arch  bridges  abroad 
which  have  been  standing  several  years,  in  which  stresses  greater  than 
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300  lb.  per  sq.  in.  either  exist  continnoxisly  or  occur  frequently,  aside  Mr.  WilUams. 
from  those  due  to  temperature  changes  and  rib  shortening. 

The  stresses  near  the  crest  are  amply  provided  for  by  the  crest 
casting  and  the  steel  channels  in  that  portion  of  the  structure. 

Having  now  considered  the  conditions  of  full  pond  and  flood,  it 
remains  to  enquire  as  to  the  stresses  in  certain  parts  of  the  structure 
si  low  water,  and  when  the  pond  is  empty,  should  the  latter  condition 
ever  occur  after  the  completion  of  the  work.  Examining  the  hori- 
zontal thrusts  due  to  the  weight  of  the  dam,  it  was  found  that  for 
Sections  5  to  8,  inclusive,  the  outward  thrusts  are  decreasing  down- 
ward, whence,  in  an  ordinary  dome,  tension  would  occur  in  this  region, 
and  should  in  that  case  be  resisted.  Any  yielding  in  the  haunches, 
however,  must  be  accompanied  by  a  lowering  of  the  crest  at  the  center, 
and,  because  of  the  rigidity  of  the  abutments  in  this  case,  which  pre- 
vents spreading  along  the  chord  of  the  dam,  any  lowering  of  the  crest 
will  be  resisted  by  the  hyperbolic  arch  formed  along  the  vertical  plane 
through  the  crest,  and,  consequently,  the  hoop  usually  supplied  to  a 
dome  at  the  so-called  joint  of  rupture  is  not  needed  here,  although,  to 
relieve  the  small  tensions  which  might  occur  while  the  vertical  arch 
resistance  was  developing,  a  hoop  of  4  by  f-in.  steel  was  provided  at 
the  haunch. 

At  the  top  of  the  torus  base,  similarly,  tension  would  occur  with 
the  pond  empty,  were  it  not  that  a  system  of  piers  introduced  under 
the  heel  of  the  dam  acts  as  a  support  for  the  upper  masonry  at  such 
times.  These  piers  have  no  bond  with  the  body  of  the  dam,  which  is 
free  to  move  away  from  them  when  loaded,  but  they  act  simply  as 
wedges  to  keep  the  structure  erect  when  there  is  no  pressure  on  the 
back,  and  prevent  tensile  stresses  at  the  top  of  the  torus  base. 

As  already  stated,  in  the  design  of  the  Six-Mile  Creek  Dam,  an  at- 
tempt was  made  to  eliminate,  as  far  as  possible,  the  influence  of  the 
beam  or  cantilever  action  which  plays  so  extensive  a  part  in  the 
stresses  of  such  curved  dams  as  the  one  described  by  the  authors,  and 
the  Zola  and  Sweetwater  Dams,  and  even  the  more  rationally  designed 
Bear  Valley  Dam.  To  discover  how  successfully  this  has  been  accom- 
plished, the  midsection  of  the  dam  under  a  10-ft.  flood  was  subjected 
to  an  analysis  similar  to  that  presented  for  the  Lake  Cheesman  Dam. 
A  vertical  slice  of  the  dam,  1  ft.  in  thickness  circumferentially,  was 
taken,  and,  to  simplify  computations,  rectifled  by  projection  upon  a 
vertical  tangent  to  the  cylindrical  portion,  and  this  was  divided  into 
six  sections  15  ft.  in  height.  The  average  moment  of  inertia  and  the 
resulting  deflections  for  each  section  were  computed  as  for  a  beam, 
and  then  the  average  deflection  of  each  section  as  an  arch.  The  re- 
sults are  presented  in  Table  11,  wherein,  adopting  the  authors* 
notation: 

a  =  height  of  section  =  16  ft. ; 

D  =  the  deflection; 
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/  =  the  average  moment  of  inertia  for  the  section;  Mr.  Williams. 

E=.  the  modnlns  of  elasticity; 

X=  the  horizontal  component  of  load  on  the  section; 

T  =  the  thrust  of  the  horizontal  arch,  the  average  value  for  a  layer 
1  ft.  thick  being  used; 

L  =  length  of  the  arc  of  the  arch ; 

A  =  area  of  arch  layer  1  ft.  thick; 

a  =  one-quarter  arc  of  arch  before  loading. 

From  Columns  18  and  19,  the  loads  carried  by  the  two  systems  of 
forces  being  inversely  as  the  deflections  under  the  same  load,  it  is 
seen  that  at  no  point  above  Elevation  185,  which  is  only  15  ft.  above 
the  base,  does  the  beam  carry  one-half  of  1%  of  the  load,  and  it  is  also 
apparent  that  at  half  this  distance  above  the  base  the  beam  cannot 
carry  as  much  as  1  per  cent. 

Therefore,  it  may  be  concluded  that  the  purpose  of  the  designer,  in 
this  respect,  has  been  accomplished,  and  that  the  stresses  presented  in 
Table  10  represent  fairly  the  conditions  in  the  structure. 

At  the  west  abutment,  where,  as  already  stated,  the  rock  did  not 
rise  to  the  height  of  the  crest,  the  thrast  in  the  upper  portion  of  the 
dam  was  taken  up  by  a  concrete  abutment  rising  to  £levation  270* 
beyond  which  the  dam  was  continued  into  the  hillside  as  a  series  of 
elliptical  half  cylinders,  the  section  of  which  at  45^  was  a  circle,  and 
which  were  inclined  at  45^^  and  cut  off  10  ft.  above  the  crest  of  the 
dam  by  a  horizontal  plane,  the  cylinders  being  supported  by  wedge- 
shaped  piers  under  their  springings. 

As  this  part  of  the  design  has  no  bearing  on  the  case  of  the  Cheesman 
Dam,  it  will  not  be  discussed  further  at  this  time. 

Material  and  Construction. — The  questions  of  material  and  construc- 
tion have  no  particular  bearing  upon  the  Cheesman  Dam,  wherein 
the  material  was  unquestionably  the  most  desirable  and  best  that  could 
have  been  used,  but,  as  considerable  interest  has  been  manifested  in 
these  matters,  and  as  a  description  of  the  Six-Mile  Creek  Dam  would  be 
incomplete  without  them,  they  will  be  added  here. 

The  body  of  the  Six-Mile  Creek  Dam  is  of  concrete  composed  of  1 
part  Alsen's  imported  Portland  cement,  2  parts  creek  sand,  2  parts  creek 
gravel  and  2  parts  broken  stone  from  drift  boulders,  crushed  to  pass 
a  4-in.  ring  or  less. 

The  voids  in  the  sand  amounted  to  about  42^  of  its  volume.  Mor- 
tar briquettes,  2  of  sand  to  1  of  cement,  7  days  old,  indicated  that  it 
had  a  strength  in  tension  equal  to  about  two-thirds  of  that  of  standard 
sand. 

The  creek  gravel  was  ordinary  drift  mixed  with  fragments  of  the 
shale  rock  of  the  region.  Where  the  latter  appeared  as  flat  stones  they 
were  broken  up  or  raked  out. 

The  crushed  stone  contained  about  15^  of  selected  shale  from  the 
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Hr.  WiUiams.  excavation  in  the  rock  walls,  the  remainder  being  field  boulders.  Flat 
stones  were  rejected  both  before  and  after  crushing,  as  far  as  a  reason- 
ably cl^se  inspection  discovered  tliem. 

The  faces  of  the  dam  were  of  a  single  course  of  vitrified  paving 
brick  laid  in  a  mortar  of  1  part  Alsen's  cement,  1  part  creek  sand  and  1 
part  crusher  dust,  and  were  anchored  into  the  body  by  bent  steel 
anchors,  1  by  i  by  7-in.,  turned  up  }  in.  at  each  end,  placed  at  every 
fifth  brick  in  every  fifth  course.  On  the  up-stream  face  of  the  torus 
base  the  bricks  were  laid  with  the  flat  exposed,  elsewhere  with  the 
edge  exposed. 

The  brick  used  was  that  known  as  Catskill  block,  3  by  4  by  9  in.,  a 
very  thoroughly  vitrified  shale  brick,  weighing  144.4  lb.  per  cu.  ft. 
They  were  generally  burned  so  highly  as  to  be  distorted  considerably 
by  the  heat.  Four  samples,  immersed  in  pails  of  water  for  four  months, 
increased  in  weight  less  than  one-tenth  of  1%,  and,  when  tested  end- 
wise in  compression,  failed  by  splitting  lengthwise  with  a  sharp 
report,  at  pressures  varying  from  2  300  to  4  600  lb.  per  sq.  in. 

Next  inside  the  brick  is  a  3-in.  mortar  face  of  the  same  mixture  as 
that  used  for  the  joints  in  the  brickwork,  which  was  laid  at  the  same 
time  as  the  concrete  body,  being  separated  therefrom  by  a  plate  of 
iron,  until  both  were  placed,  when  the  iron  was  withdrawn  and  all 
were  rammed  together.  Within  this  mortar  face,  and  as  close  to  the 
brick  as  convenient,  i.  e. ,  about  1  in.  away,  were  set,  above  Elevation 
186,  bands  of  3  by  A -in.  steel  extending  around  the  structure  every  4 
ft.  in  height,  and  united  through  the  dam  every  4  ft.  horizontally  by 
steel  rods,  |^  in.  in  diameter,  with  a  nut  at  each  side  of  the  bands.  At 
Elevation  185,  on  the  up-stream  side,  a  band  of  4  by  v-in.  steel  was  used 
and  connected  to  the  opposite  3  by  A*in.  band  in  a  similar  manner,  to 
provide  for  possible  tensions  from  pier  to  pier  when  the  pond  was 
empty.  Over  this  steel  skeleton,  which  was  held  in  place  by  the 
horizontal  rods  extending  into  the  brick  faces,  there  was  laid  or  hung 
a  netting  of  crimped  A-ia.  longitudinal  and  ^-in.  vertical  wire  of  4-in. 
mesh,  extending  from  abutment  to  abutment  on  each  face,  and  lapped 
one  mesh  and  wired  together  at  the  horizontal  joints  of  the  sheets. 
All  iron  and  steel  was  grouted  carefully  by  dipping  it  in  a  trough  as 
soon  as  it  came  on  the  work  and  before  it  had  time  to  rust,  and  the 
bands  and  netting  were  placed  as  close  to  the  outer  faces  as  possible, 
their  purpose  being  to  distribute  the  stresses  due  to  temperature 
changes  and  thereby  prevent  local  cracks.  The  mortar  and  concrete 
were  mixed  in  a  Bansome  mixer  located  about  150  ft.  up  stream  from 
the  dam,  and  the  material  was  placed  very  wet.  Into  the  body  of  the 
concrete  were  forced  one-man  stones  as  each  layer  was  put  in,  they 
being  carefully  set  with  bed  planes  normal  to  the  line  of  thrust,  and 
were  left  projecting  about  half  their  height  when  a  section  was  com* 
pleted. 
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Fig.  1.— Preparino  the  Foundations  wor  the  Six-Mile  Creek  Dam. 


Fio.  2.— Up-Stream  View  of  Eabt  End  ok  Six-Mile  Creek  Dam.  • 
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Tho  brick  walls  were  first  laid  up  to  a  height  of  about  4  ft.,  No.  10  Mr.  wmianw. 
steel  wires  being  bedded  in  every  fifth  course  on  the  up-stream  side, 
and,  after  setting  about  two  days,  the  concrete  was  placed  between 
them,  they  making  the  forms  after  EHevation  185  was  reached.  No 
deformation  of  the  walls  was  detected  in  any  part  of  the  work  although 
braces  on  the  up-stream  side,  used  at  first,  were  dispensed  with  entirely 
as  the  work  progressed,  and  the  down -stream  side  was  left  entirely 
unsupported  all  the  time.  Fig.  2,  Plate  XXXIX,  shows  clearly  the 
method  of  construction  and  the  appearance  of  the  work. 

The  foundations  were  carried  down  to  sound  rock,  usually  from  5 
to  6  ft.,  but  in  one  case,  for  a  short  distance,  to  18  ft.,  below  the  bed 
of  the  stream .  The  longitudinal  seams  in  the  bottom  were  followed 
by  2  or  3-in.  drill  holes  for  from  4  to  6  ft.  below  the  bottom  of  the 
foundations,  and  the  holes  filled  with  plastic  clay  well  rammed.  Fig. 
1,  Plate  XL,  shows  the  end  sections  of  the  torus  base  completed,  and 
excavation  in  progress  for  the  middle. 

Handling  of  the  Stream. — As  it  was  impossible  to  divert  the  stream 
from  the  gorge,  it  was  necessary  to  provide  for  carrying  it  through  the 
work,  and  the  design  contemplated  the  erection  of  the  portions  of  the 
torus  base  at  the  abutments  and  in  front  of  the  piers,  leaving  the 
intermediate  spaces  open,  but  making  all  excavations,  the  stream 
being  diverted  from  side  to  side  during  the  work.  Arches  were  to  be 
sprung  across  the  openings  thus  left,  and  the  dam  completed  above 
Elevation  185,  leaving  passages  through  the  base  of  sufficient  capacity 
to  deliver  an  ordinary  flood.  A  permanent  cast-iron  culvert,  5  ft.  in 
•diameter,  was  also  provided  through  the  base  and  controlled  by  a  gate. 
After  the  upper  portions  of  the  dam  were  completed,  the  openings 
through  the  base  were  to  be  filled,  one  at  a  time,  at  low  water,  the 
culvert  then  being  able  to  carry  the  flow.  Fig.  1,  Plate  XLI,  look- 
ing up  stream,  shows  the  base  at  the  weet  end  of  the  dam,  and  the 
low-water  flow  of  the  creek  passing  through  the  opening  there  while 
the  center  of  the  base  is  building. 

The  Dam  as  Built. — When  it  became  noised  abroad  that  a  dam  90 
ft.  high  and  but  8  ft.  thick  at  the  base  was  to  be  built  only  two  miles 
above  Ithaca,  to  form  a  lake  of  60  acres  area,  many  people  immediately 
saw  visions  of  a  Johnstown  flood,  and  protests  began  to  appear  in  the 
public  prints.  The  plans,  meanwhile,  had  been  referred  to  four  prom- 
inent members  of  this  Society,  the  flrst  of  whom  withdrew  without 
making  any  report  either  favorable  or  unfavorable,  and  the  other 
three,  fully  cognizant  of  aU  the  conditions,  including  the  action  of  the 
first,  reported  an  unqualified  approval.  In  due  time  bids  were  called 
for,  and  six  bidders  submitted  proposals.  Of  these  bidders,  four  were 
experienced  engineers  and  contractors,  three  being  members  of  this 
Society.  Not  one  of  them,  after  examination  of  the  plans,  specifica- 
tions and  location,  expressed  any  doubt  as  to  the  stability  of  the  struct- 
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Mr.  Williams,  nre.  The  tenders  were  received  on  unit  prices  for  the  several  kinds 
of  work  involved,  and  the  gross  bids,  exclusive  of  cement,  which  was 
fnrnished  by  the  Water  Company,  based  on  the  Engineer's  estimates 
of  quantities,  were  as  follows:  963  365;  855  795;  $U  280;  838  957; 
835  360,  and  834  488. 

After  work  was  begun,  discussion  of  the  structure  continued,  and 
a  few  so-called  engineers,  who  had  never  seen  the  plans,  expressed 
themselves  in  condemnation  of  the  structure.  Several  others,  after 
examining  plans  and  location,  expressed  approval,  and  others  still, 
perhaps  more  discreet  than  either,  said  nothing.  The  citizens  of 
Ithaca  invoked  the  aid  of  the  State  Engineer,  the  State  Flood  Com- 
mission, and,  finally,  the  State  Health  Commissiouer,  and  injunction 
proceedings  were  threatened,  but,  apparently  for  lack  of  the 
necessary  kind  of  engineering  advice,  were  never  brought.  The  break- 
ing out  of  a  typhoid  epidemic,  due  to  the  water  supply,  but  most 
probably  not,  as  charged,  to  the  infection  of  the  water  by  work  on  this 
structure,  raised  public  excitemeut  to  such  a  pitch  that  an  almost 
unanimous  vote  in  favor  of  municipal  ownership  was  taken,  although 
a  similar  proposition  had  been  defeated  less  than  a  year  before;  and 
the  State  Health  Commissioner  announced  at  a  mass  meeting  that  his 
consulting  engineers  had  declined  to  approve  the  design  of  the  dam; 
but,  he  afterward  stated,  over  his  signature,  that  no  official  report  had 
been  made  to  him  on  the  subject. 

In  consequence  of  all  this,  the  company  decided  to  stop  the  con- 
struction of  the  dam  at  a  height  of  30  ft.,  and,  accordingly,  it  was 
built  on  the  original  lines  to  Elevation  193  and  finished  at  Elevation 
201,  with  a  crest  60  ft.  in  radius  overhanging  on  the  down-stream  side 
and  having  a  45<^  up-stream  slope,  as  shown  in  broken  lines  in  Fig.  30, 
and  photographically  in  Fig.  2,  Plate  XL,  and  Fig.  2,  Plate  XLI,  the 
former  being  a  view  of  the  up-stream  face  of  the  dam  at  the  east  end, 
and  the  latter  the  completed  dam  as  it  appears  from  the  west  abut- 
ment. 

A  flood  of  3  ft.  depth  above  the  crest  went  over  the  dam  on  Augnst 
31st,  1903,  before  the  runway  used  in  its  construction  had  been  re* 
moved.  By  descending  a  ladder  at  each  end  of  the  dam,  it  was  pos- 
sible to  look  under  the  sheet  and  observe  the  face  of  the  dam.  A 
single  leak,  supplying  a  jet  about  half  the  size  of  a  lead  pencil,  ap- 
peared about  8  ft.  above  the  base.  At  this  time  the  up-stream  face  of 
the  dam,  at  the  base,  where  the  brick  was  laid  up  against  forms,  had 
not  been  pointed.  Since  pointing,  neither  this  nor  any  other  visible 
leaks  have  appeared. 

A  Test  of  the  Brick  Facing  Arch. — During  the  construction,  when 
the  concrete  was  completed  to  Elevation  185  and  the  brick  walls  were 
up  about  4  ft.  higher,  ready  to  receive  the  concrete  filling,  the  work 
being  in  a  similar  condition  to  that  shown  by  Fig.  2,  Plate  XXXIX^ 
the  brick  arch  was  subjected  to  an  interesting  test. 
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Mr.  WflUams.  The  brick  walls,  4  in.  thick,  had  been  carried  to  a  height  of  52  in. 
above  the  top  of  the  concrete  on  June  19th,  1903.  The  down-stream 
wall  had  all  been  laid  within  ten  days,  having  been  finished  less  than 
a  week,  aiid  the  np-stream  wall  laid  within  five  days,  a  stretch  of 
about  6  ft.  near  the  east  end,  where  the  rnnway  had  been  located, 
having  been  finished  that  arternoon.  A  heavy  rain  occnned  the  next 
day,  and  the  water  rose  to  such  a  height  during  the  night  as  to  over- 
flow the  dam  to  a  depth  of  0.8  ft.  It  began  going  over  about  3  a.  h., 
and  was  still  overflowing  at  9:30  a.  m.,  the  maximum  height  probably 
lasting  for  2  or  3  hours. 

As  the  water  rose  it  apparently  dissolved  the  mortar  in  the  short 
portion  of  the  wall,  about  6  ft.  long,  laid  the  day  before,  and  broke 
through  there  before  it  went  over  the  top,  for  the  down -stream  wall 
opposite  this  place  was  bulged,  for  about  10  ft.,  from  nothing  to  about 
1^  in.,  the  maximum  being  at  about  two-thirds  of  its  height;  and  the 
up-stream  brick  wall,  near  the  opening  thus  formed,  was  tipped  over 
up  stream,  falling  to  the  bottom  of  the  pond  above  the  dam,  thus 
indicating  that  a  powerful  stream  of  water  had  recoiled  from  the  lower 
wall  against  the  concave  side  of  the  then  unsupported  upper  wall,  and 
wrecked  it.  At  the  far  end  of  the  dam,  the  up-stream  wall  fell  over 
upon  the  concrete  of  the  base,  showing  that  the  recoil  had  spent  itself 
before  reaching  that  part  of  the  work. 

In  spite  of  having  received  what  must  have  been  a  very  severe 
shock,  this  brick  arch,  52  in.  high,  4  in.  thick,  and  of  90  ft.  clear 
span,  with  an  up-stream  radius  of  58  ft.  1  in.,  stood  throughout  the 
flood,  and,  when  the  water  subsided  to  a  level  with  the  top,  no  leaks 
appeared  through  the  wall,  except  where  openings  had  been  left  for 
the  insertion  of  tie  rods,  and  the  wall  was  used,  as  originally  intended, 
without  any  repairs  or  alterations. 

TABLE  13. — B£AM  Stbesses  in  Bbick-Facino  Arch. 


PosiUon 
from 

PiRT  OF  Total 

PRBSSURB  CaRRIKD 

BY  Beam  1  In.  Wide. 

Distance  of 
'J     center  of  preas- 
w     ure  above  base, 

in  inches. 

Maximum  Strbssbs  ok  Hobi- 

ZONTAL  MORTAB  JoiNTS,  IN 

Pounds  psb  S^juarb  Inch. 

abutment. 

(1) 

P«^°^     Pounds.  , 

(«)       '       (3) 

1                   ' 

Tension. 

(6) 

^SSr-     Shear. 

(»)       1        (8) 

Crown 

Aspan.... 
A  span.... 
A  span.... 
Vijspan.... 

87.8      1      58.82 
85.2      !      56.89 
82.1       1      64.81 
77.SS            61.60 
68.0            46.46 

17.2 
16.9 
16.5 
15.8 
14.2 

1  004 
962 
906 
814 
645 

872 
857 
886 

801 
288 

880               14.5 
866               14.2 
848               18.7 
800               12.9 

246        {        11.4 

1 
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The  Btreeses  Bot  np  in  this  thin  arch  have  been  examined  by  a  pro-  Mr.  Williams. 
oeBS  similar  to  that  nsed  by  the  anthorB,  and  the  results  are  presented 
in  Tables  12  and  13.  One  point,  not  mentioned  before,  is  to  be  noted, 
viz,,  that,  in  considering  a  section  of  a  dam  as  a  beam,  its  action 
differs  from  that  of  an  ordinary  horizontal  beam,  since  it  does  not 
begin  to  deflect  until  the  load  becomes  sufficiently  great  to  overcome 
the  moment  of  the  weight  of  the  structure  itself  about  some  point  in 
its  base;  and,  if  upon  a  yielding  foundation,  this  point  will  not  be 
the  toe,  as  is  usually  incorrectly  assumed  in  dealing  with  the  over- 
turning of  gravity  sections.  Allowance  for  the  weight  of  the 
material  has  been  made  in  the  case  of  this  brick  arch,  but  was 
omitted  in  the  analysis  of  the  Six-Mile  Creek  Dam,  and,  apparently, 
in  that  of  the  Lake  Cheesman  Dam.  In  the  former,  by  reason  of 
its  peculiar  profile,  it  appears  that  the  moment  of  the  weight  might 
become  a  considerable  factor,  and  while  not  affecting  greatly  the 
deflections  in  the  upper  portions,  might,  to  an  appreciable  degree, 
reduce  that  at  the  bottom,  and  hence  the  total  deflections  of  the 
fltructure  as  a  beam.  Enqairing  into  this  matter,  the  total  weight 
of  a  slice  of  the  dam  1  ft.  wide  is  found  to  be,  by  Column  11, 
Table  10,  12  x  5863.5  =  70  362  lb.;  and,  by  inspection  of  the  profile, 
it  appears  that  the  center  of  gravity  will  be  somewhere  within  5  ft. 
of  the  point  of  rotation  at  the  base.  The  moment  of  the  weight  of 
the  structure  against  overturning,  therefore,  is  less  than  350  000 
ft. -lb.  The  total  water  pressure  on  the  1-ft.  slice  of  the  dam  under 
a  10-ft.  flood  is  60  X  62.4  X  90  =  280  800  lb.,  and  the  point  of  appli- 
cation of  its  resultant  is  approximately  32.5  ft.  above  the  base.  The 
overturning  moment,  therefore,  is  32.5  X  280  800  =  9  126  000  ft-lb. 
The  introduction  of  the  weight  factor  into  the  computations  of  Table 
11,  consequently,  would  reduce  the  bending  moment  for  the  beam 

280  800 
section  less  than  ,,^.^  ^^^  =  3.07%,  an  amount  too  small  to  affect 
V  izo  uuu 

to  an  important  degree  the  results  there  set  forth. 

The  values  of  the  stress  es  given  for  the  brick  arch  in  Table  13  are 
computed  on  the  usual  assumption  that  the  modulus  of  elasticity 
of  the  brick  and  the  mortar  joints  is  the  same  in  compression  as  in 
tension.  The  tensions  represent,  not  only  the  tensile  strength  of 
the  mortar  in  itself,  but  also  its  adhesion  to  the  brick  surfaces,  and 
the  same  is  to  be  said  for  the  shears.  Tests  by  briquettes  made 
of  2  parts  of  creek  sand  to  1  of  cement,  with  17%  of  water,  when 
one  week  old,  gave  270  to  300  lb.  per  sq.  in.  tensile  breaking  stress, 
and  at  two  weeks  375  to  400  lb.  The  replacement  of  1  part  of  the 
sand  by  1  part  of  the  crusher  screenings  probably  increased  the 
strength  of  the  mortar  somewhat,  so  that  a  tensile  stress  of  372  lb.  is 
within  the  probable  strength  limit  of  the  mortar  ten  days  old. 

It  is  noticeable,  in  such  a  long  and  slender  arch  as  is  represented 
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Mr.  Williams,  by  the  brick  wall,  that  the  arch  deflections  at  the  crown  wonld  be 
much  greater  than  the  deflections  as  a  beam,  and  the  valnes  for  the 
portions  of  the  loads  taken  by  the  two  systems  are  to  be  looked  upon 
as  limiting  approximations.  The  beam  cannot  be  expected  to  carry 
more  nor  the  arch  less  than  these  quantities.  It  is  noticeable,  how- 
ever, that  the  thrust  of  the  arch  increases  toward  the  abutments  by 
reason  of  its  deflection  becoming  less.  As  the  radius,  thickness  and 
water  pressure  are  unchanged  from  point  to  point,  this  increase  can 
only  be  provided  for  or  resisted  by  the  absorption  by  the  arch  of  some 
of  the  stress  credited  to  the  beam,  or  by  the  setting  up  of  shearing 
stresses  of  varying  amounts,  along  horizontal  planes.  It  follows  that 
any  complete  analysis  of  the  stresses  in  this  arch,  or  any  one  in  which 
the  beam  action  is  an  important  factor,  must  involve  the  considera- 
tion, not  only  of  these,  but  also  of  secondary  stresses  set  up  by  the 
action  at  right  angles  of  primary  stresses  of  opposite  signs,  all  of  which 
makes  a  very  complicated  problem. 

In  the  Six-Mile  Greek  Dam  no  such  uncertainty  exists,  as  the  beam 
action  is  practically  eliminated,  and  the  only  secondary  stresses  to  be 
considered  are  those  due  to  rib  shortening  and  temperature,  the  for- 
mer of  which  cannot  be  nearly  as  serious  as  in  the  case  of  an  arch 
bridge,  with  its  necessary  bending  moments  under  both  dead  and  live 
loads,  and  the  latter  of  which  is  of  less  consequence  than  in  such  a 
structure,  because  the  range  of  temperature  is  necessarily  less. 

It  appears,  then,  that  in  the  design  of  the  Six-Mile  Creek  Dam 
there  is  presented  a  structure,  which,  for  all  practical  considerations, 
acts  wholly  as  an  arch  under  uniform  normal  pressures,  the  equi- 
librium curve  for  which  condition  coincides  with  the  center  line  of  the 
section,  and  this  seems  to  prove  it  to  be  as  near  an  approach  to  the 
ideal  as  engineers  are  usually  able  to  accomplish  in  structures  of  its 
magnitude. 

The  work  was  executed,  under  the  speaker's  personal  supervision, 
by  Messrs.  Tucker  and  Vinton,  Inc.,  of  New  York  City,  who  used 
every  endeavor  to  produce  a  most  creditable  structure.  The  speaker 
was  assisted  upon  the  construction  by  S.  C.  Hulse,  Jun.  Am.  Soc.  C. 
E.,  and  Mr.  Weston  £.  Fuller,  whose  care  and  interest  in  the  work 
also  merit  commendation. 
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THE  COLLAPSE  OF  A  BUILDING  DURING 
CONSTRUCTION. 

■    Discussion.* 


By  H.  db  B.  Parsons,  M.  Am.  Soc.  C.  E. 


H.  DE  B.  Pabsons,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  was  Mr.  Parsons, 
retained  by  the  District  Attorney  for  the  purpose  of  reporting  on  the 
canse  of  the  collapse  of  the  Hotel  Darlington.     Therefore,  in  the  paper, 
he  confined  himself  to  a  rehearsal  of  the  facts  as*  fonnd,  conpled  with 
his  opinion  of  the  canse  of  the  collapse,  as  contained  in  his  report. 

The  outside  walls  along  the  edge  of  the  lot  were  continuous  from 
the  foundation,  with  the  exception  of  a  portion  of  the  rear  wall,  which 
was  carried  on  girders  located  at  the  ground-floor  level.  The  walls 
around  the  light  wells  were  curtain  walls. 

The  column  schedule  given  in  Table  1  does  not  refer  to  any  parti- 
cular column.     Table  2  gives  the  sizes  of  Columns  2,  36  and  36. 

The  holes  in  the  girders  and  beams  had  no  regular  size,  but  varied 
from  It  in-  ^o  1  in.  in  diameter.  It  makes  very  little  difference  what 
the  exact  size  of  the  hole  is,  as  long  as  it  is  larger  than  the  bolt, 
when  the  effect  of  lateral  stiffness  is  considered.  In  every  case  the 
bolts  were  slack  in  their  holes. 

The  writer  has  no  knowledge  of  the  estimated  weights  for  live  load 
or  for  dead  load  which  were  used  by  the  architect,  or  by  the  builder, 
in  calculating  the  strength  of  the  building. 

♦  Continued  from  August,  1904,  Proceedhvgs,  See  April,  1904,  Proceedings^  for  paper 
on  this  subject  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  £. 
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Mr.  Fanons.  TABLE  2.— SiZES  OF  Columns  2,  35  and  36  of  the  Hotel  Daklenoton. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


REPORT  IN  FULL  OF  THE  THIRTY-SIXTH    ANNUAL  CONVEN- 
TION AT  ST.  LOUIS,  MO.,  OCTOBER  3d,  1904. 


J.30  P.  M. — The  First  Session  of  the  Convention  was  held  in  the 
Hall  of  Congresses,  Administration  Building,  Louisiana  Purchase  Ex- 
position. 

The  President  delivered  the  Annual  Address. 

At  the  conclusion  of  the  address  the  Business  Meeting  was  held, 
President  Hermany  in  the  chair;  Chas.  Warren  Hunt,  Secretary. 

OeNEBAIj  WiLLtAM  P.  CBAIGHIIiL,  PaOT-PbESIDBNT,  Am.  SoO.  C.  E. — 

HCr.  President,  if  it  is  in  order,  I  would  like  to  offer  a  resolution  of  a 
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few  lines,  which  seems  to  me  to  be  appropriate  at  this  time,  aod  I  hope 
it  will  be  seconded  and  unanimously  adopted. 

**  W7ierea8t  The  International  Confess  of  Engineers,  now  in  ses- 
sion in  such  successful  progress  in  this  city,  is  the  result  of  the  sugges- 
tion and  management  of  the  American  Society  of  Civil  Engineers, 
through  the  agency  of  its  committee,  of  which  Henry  S.  Haines  is 
chairman,  and  Ohas.  Warren  Hunt  is  secretary; 

Resolved,  That  the  earnest  thanks  of  the  American  Society  of  Civil 
Engineers  are  hereby  cordially  given  to  our  committee  for  the  able, 
faithful  and  excellent  way  in  which  its  duties  have  been  performed,  in 
the  general  arrangements  for  the  Congress,  as  well  as  the  many  and 
varied  details  involved  in  the  outcome  now  before  us." 

Seconded  by  G.  A.  Marr,  M.  Am.  Soc.  C.  E. 

GENEBAii  Craiohtlii. — It  will  be  observed,  Mr.  President,  that  in 
the  last  few  words  I  refer  to  the  outcome  now  before  us.  One  prom- 
inent feature  of  that  outcome  which  is  most  interesting  to  me,  and 
must  and  will  be,  I  suppose,  interesting  to  every  person  present,  is 
the  fact  that  we  have  on  the  same  platform  here  the  President  of  the 
British  Institution  of  Civil  Engineers  as  our  distinguished  guest.  Sir 
William  White,  and  the  President  of  the  American  Society  of  Civil 
Engineers.  That  is  enough  to  justify  everything  that  has  been  done. 
(Applause.) 

fiut  I  wish  also  to  call  attention  to  a  fact,  which  strikes  me  as  an  offi- 
cer of  the  army,  as  well  as  a  member  of  the  Society,  and  that  is  the  fact 
that  we  see  around  us,  not  only  our  own  star-spangled  banner,  but  the 
ensign  of  Great  Britain,  floating  over  our  heads,  and  many  flags  of 
other  Nations.  But  there  is  another  outcome,  Mr.  President,  to 
which  I  want  to  call  special  attention,  and  that  is  what  appeals  to  me 
as  I  face  these  men  before  me;  it  is  the  bringing  together  of  men  of 
brains,  men  of  energy,  and  men  of  activity,  who  know  how  to  design, 
and  how  to  execute.  And,  last  but  not  least,  I  want  to  call  attention 
to  the  presence  of  the  ladies.  Without  them  we  can  do  nothing. 
(Applause.) 

The  President. — Are  there  any  further  remarks  ?  If  not,  the  chair 
will  put  the  resolution. 

The  resolution  was  unanimously  adopted. 

The  Secretaby. — Mr.  President,  before  some  members  of  the  Con- 
gress who  are  not  interested  in  our  Business  Meeting  leave  the  hall, 
I  should  like  to  make  it  known  that  the  Engineers*  Club  of  St.  Louis 
has  gotten  out  a  very  nice  World's  Fair  Souvenir,  a  number  of  copies 
of  which  are  in  the  Secretary's  office,  and  which  can  be  had  upon 
application  there. 

It  is  possible  that  some  of  the  members  of  the  Board  of  Direction 
might  leave  before  the  close  of  this  meeting,  and  I  will  therefore 
announce  that  the  meeting  of  the  Board  of  Direction  will  be  held  at 
9:30  o'clock  to-morrow  morning  at  the  office  of  the  Secretary  in  this 
building. 

Mr.  President,  the  first  business  to  come  before  this  meeting  is  the 
question  of  determining  the  time  and  place  of  holding  the  next  Annual 
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Convention  of  the  Society.  Some  time  ago  the  usual  form  of  circular 
letter  was  sent  to  all  members,  asking  thiem  to  reply,  giving  their 
choice  for  the  time  and  place  of  holding  the  next  Annual  Convention. 
I  have  a  report  of  the  answers  received,  and  I  beg  to  report  the  result 
as  follows: 

Total  Number  of  Votes  Received  for  Place,  798. 

Distributed  as  follows: 

Cleveland 586      Denver 6 

Duluth 62      Washington,  D.  C 6 

Portland,  Ore 36      City  of  Mexico 4 

Boston 15      Mackinac  Island 4 

New  Orleans 11       Philadelphia 4 

Pittsburg 9      Seattle 4 

New  York 8      San  Francisco 4 

Chicago 7 

The  following  places  received  two  votes  each : 
Cape  May,  Louisville, 

Cincinnati,  Quebec, 

Detroit,  Saratoga  Springs, 

Eureka  Springs,  Salt  Lake  City, 

Havana,  Thousand  Islands, 

Lake  Champlain,  Yellowstone  Park. 

The  following  places  received  one  vote  each: 
Alexandria  Bay, 'N.  Y.,  Milwaukee, 

Atlantic  City,  Minneapolis, 

Baltimore,  Montreal, 

Buffalo,  Niagara  Falls, 

Hot  Springs,  Va.,  Palm  Beach, 

Kansas  City,  Port  Arthur, 

Lake  George,  Saratoga, 

Los  Angeles,  Near  Portland  Cement  Industry, 

Mackinaw,  No  Choice. 

Memphis, 

Many  duplicate  ballots  have  come  in  too  late  for  reclassification, 
and  the  above  list  gives  all  the  ballots,  in  which  a  number  of  members 
have  voted  twice.  In  most  cases  these  ballots  have  been  in  favor  of 
Cleveland,  Duluth,  and  Portland,  and  a  correct  return  of  all  votes 
would  take  a  number  of  ballots  from  other  places. 

Total    Number  of  Answers  Received    Suggesting    the  Time  for 

Next  Convention,  798. 

No.  of  No.  of 

Votes.  Votes. 

January 1  Mardi  Gras -New  Orleans. . .  4 

March  *. 1      June  to  September 1 

April 3      June  or  September 1 

May 8      July  or  August  21 

June 618      July  to  September 1 

Jnly 25      September  or  October.   1 

August 22      October  or  August 1 

September 25  During  Lewis  and  Clark  Ex- 
October  27           position,  Portland 5 

November 3       November  to  April 1 

December 2      Early  Summer 1 

First  Half  of  Any  Month. ...  1 

No  Choice 25 
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I  also  have  the  following  letters : 

"  September  9th,  1904. 

*<  To  THE  PbBSIOEMT  AND  MeMBEBS  OF  THE  AMERICAN   SOCIETY  OF  GlYIL 

*'  Enoineebs,  in  Session  at  St.  Louis,  Mo. 
'<  GEMTiiEMEN  :  On  behalf  of  the  business  men  of  Cleveland,  the 
Board  of  Directors  of  the  Cleveland  Chamber  of  Commerce  extends  to 
your  Society  a  very  cordial  invitation  to  hold  its  next  meeting  in 
Cleveland.  The  directors  are  confident  that  your  delegates  would 
thoroughly  enjoy  the  tiipe  spent  in  Cleveland,  .and  it  is  sincerely 
hoped  that  the  city  may  be  honored  by  an  acceptance  of  this  invi- 
tation. 

'*  By  order  of  the  Board  of  Directors  of  the  Cleveland  Chamber  of 
Commerce. 

**F.  A.  ScoTT. 

**  Secretary/." 

**  DuLUTH,  Minn.,  Sept.  8th,  1904. 

"  To  THE  PrESIBENT  AND    MeMBEBS  OP   THE  AmBBICAN  SoCIETY  OF  ClVEL 

Engineebs,  St.  Louis,  Missoubi. 

"Gentlemen:  The  Commercial  Club  of  Duluth  hereby  extends  a 
bordial  invitation  to  your  Association  to  hold  your  convention  for  1905 
in  our  city. 

**  There  are  many  reasons  why  we  ask  for  this  courtesy  from  your 
Association,  believing  that  the  Northwest  is  entitled  to  the  convention 
of  the  society,  and  that  it  is  entirely  proper  that  the  third  port  in 
volume  of  business  in  the  United  States  should  be  recognized. 

**We  have  a  most  excellent  convention  hall  which  would  be  fur- 
nished free  for  the  use  of  the  convention.  We  have  some  of  the  best 
hotels  in  the  State  with  ample  accommodations  for  the  delegates.  We 
have  an  ideal  climate  at  all  times  and  particularly  at  the  time  in 
which  the  convention  will  be  held. 

''Duluth-Superior  harbor  is  one  of  the  finest  in  the  world,  contain- 
ing forty-nine  miles  harbor  frontage,  with  an  area  of  eleven  and  three- 
quarters  square  miles.  About  it  are  located  mammoth  ore  and  coal 
docks,  immense  grain  elevators  with  a  capacity  of  thirty-five  million 
bushels,  a  blast  furnace,  coking  plant,  shipyard,  dry  docks,  immense 
lumber  mills,  etc.  The  novel  Aerial  Bridge,  nearly  400  ft.  span,  at  a 
height  of  188  ft.,  is  in  process  of  erection  across  the  Duluth  Ship 
Canal,  and  will  be  completed  this  year. 

**  We  believe  that  Duluth  and  its  surroundings  oflfer  many  attrac- 
tions both  from  the  standpoint  of  engineering  and  scenic  beauty, 
and  we  think  that  the  people  will  want  to  come  and  see  the  Metrop- 
olis of  the  great  Northwest. 
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**  We  urge  you  to  accept  our  invitation  to  come  to  this  City,  and 
itre  satisfied  that  if  yon  do,  you  will  want  to  come  again. 
**  Very  respectfully, 

*•  W.  A.  MoOoNAOiiB,  Preaideni, 
**  H.  V.  Eva,  Secretary, 
[  E.  L.  MiZiiiAB, 
**  Convention  Committee  <  W.  B.  Silvey, 
(  E.  C.  LrrriiE." 

I  also  have  a  letter  from  H.  H.  Wadsworth,  M.  Am.  Soc.  0.  E.,  en- 
closing a  certified  copy  of  a  resolution  passed  by  the  Common  Council 
of  the  City  of  Duluth,  September  6th,  1904,  and  a  letter  from  the 
Northern  Steamship  Co.,  promising  co-operation  in  the  matter  of 
transportation.     The  Resolution  referred  to  is  as  follows: 

By  Alderman  Wing: 

*' Resolved:  That  the  attention  of  the  American  Society  of  Civil 
Engineers  is  hereby  called  to  the  advantages  of  Duluth  as  a  conven- 
tion city,  it  being  easily  accessible  either  by  boat  or  rail,  with  a  most 
delightful  summer  climate,  excellent  hotel  accommodations,  interest- 
ing municipal  and  manufacturing  plants  and  the  mines  of  the  Mesaba 
and  Vermilion  iron  ranges  being  in  close  proximity. 

*^Eesolvedy  further.  That  said  Society  is  hereby  extended  a  cordial 
invitation  to  hold  their  annual  session  for  the  year  1905  at  this  place. 

*<  Alderman  Wing  moved  the  adoption  of  the  resolution,  and  it  was 
declared  adopted  on  the  following  vote: 

**Yea8 — Alderman  Barnes,  Chesney,  Harker,  McEwen,  Moore, 
Olson,  Sang,  Schaffer,  Tessman,  Tischer,  Waugh,  Wilson,  Wing,  Pres- 
ident Haven — 14. 

**Nays — None. 
**  Passed  Sept.  6,  1904. 
^'Approved  Sept.  8,  1904." 

I  also  have  the  following  letters  from  Oregon : 

**  Salem,  Seftembeb  15th,  1904. 
*'  Chakles  Warren  Hunt,  Esq., 

**  Secretary  AmeHcan  Society  Civil  Engineers^ 
"New  York  City,  N.  Y. 
''Dear  Sir:  I  am  advised  that  the  American  Society  of  Civil 
Engineers  are  to  hold  their  annual  convention  next  month  in  St. 
Louis,  and  that  they  will  at  that  time  select  a  place  for  holding  the 
convention  for  the  year  1905.  As  Executive  of  this  State  I  desire  to 
extend  to  your  Society  a  most  cordial  invitation  to  meet  in  Portland, 
Oregon,  at  that  time.  The  people  of  the  State  are  making  extensive 
preparations  to  celebrate  next  year  the  hundredth  anniversary  of  the 
expedition  of  Lewis  and  Clark  to  the  Oregon  country.  There  has 
been  contributed  to  this  end  by  our  own  people  something  near  one 
million  dollars,  the  Congress  of  the  United  States  has  contributed 
liberally,  and  our  sister  States  have  all  been  generous  in  doing  what- 
ever is  necessary  to  make  the  Exposition  a  success. 
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*'  If  your  Society  will  meet  with  us  here  next  year  I  can  assure 
you  that  they  will  be  royally  received  and  entertained  by  people  of 
Oregon,  and  in  addition  to  that  they  will  enjoy  a  magnificent  climate, 
and  the  most  beautiful  scenery  that  it  has  ever  been  their  lot  to 
experience. 

**  Trusting  that  you  may  be  able  to  induce  your  Society  to  accept 
this  invitation,  I  have  the  honor  to  remain, 
'*  Yours  very  respectfully, 

**  Geo.  a.  ChamberiiAIN.  " 

''PoRTiiAKD,  Sept.  12th,  1904 
"Mr.  Chableb  Wabeen  Hunt, 

^^  Secretary  of  the  Americcni  Society  of  Civil  Engineers,  No.    220 
West  Fifty-seventh  street.  New  York,  New  York. 

**  Deab  Sib  :  As  Mayor  of  the  City  of  Portland,  Oregon,  I  respect- 
fully and  earnestly  invite  you  to  hold  the  next  meeting  of  your  Asso- 
ciation in  this  City,  in  1905,  at  which  time  there  will  be  here  the  Lewis 
and  Clark  Centennial  and  American  Pacific  Exposition  and  Oriental 
Fair. 

''  It  is  expected  that  at  this  Exposition  there  will  be  a  magnificent 
display  of  the  productions  of  the  Pacific  States  and  Territories,  with 
many  contributions  from  the  Oriental  World. 

**To  those  of  you  who  live  in  the  East,  the  journey  across  the 
Continent  will  be  both  interesting  and  instructive,  and  without  such 
a  journey  you  can  have  no  adequate  idea  of  the  territorial  extent  and 
greatness  of  our  country. 

<<  Portland  is  a  city  of  about  120  000  inhabitants,  with  a  rapidly 
increasing  population.  It  is  situated  on  the  Willamette  River,  about 
100  miles  from  the  Pacific  Ocean  and  12  miles  from  the  Columbia 
Biver,  and  ocean-going  steamships  and  sailing  vessels  from  all  parts 
of  the  commercial  world  visit  its  harbor. 

*'Ican  confidently  say  that  if  you  will  accept  this  invitation  yon 
will  find  Portland  a  healthful,  prosperous  and  beautiful  city. 

**  Oregon  scenery  is  diversified  with  rivers  and  lakes,  hills  and 
vales,  fertile  valleys  and  mountains,  some  of  which  are  covered  with 
perpetual  snow,  and  its  grandeur  and  beauty  in  these  respects  are 
unsurpassed  by  any  country. 

**  Portland  will  be  pleased  to  extend  you  its  hospitality. 

**  Yours  very  truly, 

*'GeO.    H.    WlIililAMS, 

**  Jlfayor." 

The  President. — What  will  you  do  with  the  report  of  the  Secretary 
on  the  question  of  place  and  time  of  holding  our  next  Annual  Con- 
yen  tion? 
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BoBERT  MooBE,  Past-Pbesidsnt,  Am.  Soo.  G.  E.— I  believe  that  I 
neglected  to  vote  in  response  to  the  petition  of  the  Board  of  Direo- 
tioD.  I  now  desire  to  offer  this  resolution,  to-wit:  '^That  it  be  the 
sense  of  this  meeting  that  the  next  Annual  Convention  should  be  held 
in  the  Citv  of  Cleveland." 

I  know  that  that  was  very  largely  the  feeling  of  the  members  on 
this  subject  from  the  vote  taken  two  years  ago,  and  I  think  it  is  now 
timely  that  we  should  hold  a  meeting  in  a  central  State  like  that, 
particularly  in  a  city  that  is  so  enterprising,  beautiful  and  hospitable 
as  the  City  of  Cleveland.     I  therefore  make  that  motion. 

Motion  seconded  by  Mr.  Smith. 

J.  N.  Cbesteb,  M.  Am.  Soc.  C.  E. — With  all  due  respect  to  com- 
mercial points,  I  believe  that  the  success  of  our  conventions,  as  well 
as  the  pleasure  of  those  who  attend,  would  depend  largely  upon  one 
thing,  and  that  is  a  hotel  large  enough  to  accommodate  the  entire  con- 
vention, and  I  do  not  believe  the  cities  that  have  been  mentioned  will 
afford  such  accommodation.  So  far  as  time  is  concerned,  of  course 
the  location  of  the  convention  should  in  a  measure  decide  the  time, 
but  I  would  urge  that  we  consider  our  own  convenience  and  the  sue* 
cess  'of  our  convention  rather  than  the  wishes  of  some  commercial 
center,  or  any  place  that  might  desire  us  to  come  there.  I  should  not 
even  vote  unless  conditions  which  I  have  before  mentioned  could  be 
met  with,  and  I  further  urge  that  we  select  some  place  where  there  is 
a  hotel  that  can  accommodate  us  and  do  so  comfortably. 

G.  S.  WiLiiiAMs,  M.  Am.  Soc.  C.  E. — I  would  move  to  amend  the 
motion  just  presented  by  striking  out  all  after  the  enacting  clause 
and  substituting,  '*that  the  thanks  of  this  society  be  extended  to  the 
cities  (or  their  representatives)  of  Cleveland,  Duluth  and  Portland, 
and  that  the  time  and  place  of  holding  the  next  Annual  Convention  be 
referred  to  the  Board  of  Direction  with  power.'* 

Seconded  by  General  Craighill. 

Mb.  Moobe. — It  is  only  fair  to  the  Board  of  Direction  that  this 
meeting  should  express  its  preference.  The  motion  I  made  was  simply 
that  it  be  the  sense  of  this  meeting.  It  is  very  important  that  the 
Board  of  Direction  should  know  what  the  real  wishes  of  the  members 
here  assembled  are,  and  I  do  not  think  we  ought  to  evade  that  by  such 
an  amendment  as  that  proposed  by  Mr.  Williams.  I  think  the  meeting 
should  express  itself  one  way  or  the  other.  There  is  a  choice  of  cities 
and  places,  any  of  which  will  be  good,  and  I  do  not  think  there  is  any 
reason  for  dodging  it  now. 

Geo.  W.  FuLiiEB,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  the 
result  of  the  letter- ballot  ought  to  have  influence  in  a  matter  of  this 
kind,  because  those  who  have  voted  have  expressed  their  opinion,  and 
a  great  many  more  votes  have  been  received  than  there  are  persons 
present. 
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A  vote  on  the  amendment  offered  by  Mr.  Williams  was  taken  and 
resulted  in  sixty-five  yeas  and  thirty-fonr  nays,  and  the  motion  as 
amended  was  adopted. 

The  Segbbtaby. — The  Secretary  knows  of  no  farther  business  to 
come  before  the  meeting. 

On  motion,  the  Business  Meeting  adjourned. 

October  ipth,  1904.— The  meeting  was  called  to  order  at  8.40  p.  iL, 
B.  S.  Buck,  Director,  in  the  chair;  Chas.  Warren  Hunt,  Secretary,  and 
present,  also,  156  members  and  71  guests. 

A  paper  by  C.  0.  Schneider,  M.  Am.  Soc.  C.  E.,  entitled  **  The 
Structural  Design  of  Buildings, "  was  presented  by  the  author. 

The  Secretary  presented  communications  on  the  subject  by  Messrs. 
W.  B.  W.  Howe,  Charles  Worthington,  J.  R.  Worcester  and  L.  J. 
Johnson. 

The  subject  was  discussed  orally  by  Messrs.  Henry  B.  Seaman, 
Jos.  H.  O'Brien,  Augustus  Smith,  F.  T.  Llewellyn,  H.  P.  Macdonald, 
H.  W.  Brinckerhoff,  Frederick  Wilcock,  G.  H.  Blakeley,  J.  F. 
O'Rourke,  O.  E.  Hovey,  John  B.  Clermont,  V.  I.  H.  Hewes,  E.  W. 
Stem  and  the  author. 

The  Secretary  announced  that  a  Special  Committee  of  the  Board 
of  Direction  canvassed  the  ballot  for  membership  on  October  5th, 
1904,  and  that  the  following  candidates  were  elected : 

As  Membebs. 

Baymond  Francis  AiiMiBALii,  New  York  City. 
HuBEBT  Keeney  Bishof,  Hudsou,  N.  Y. 
Fbancis  Ogden  Blackwell,  New  York  City. 
Chesteb  Habvey  Chambeblin,  Boyce,  La. 
Thomas  Fenning  CHAPPEiiL,  New  York  City. 
Spenceb  Cosby,  Manila,  Philippine  Islands. 
WniiiiAM  GBiFFiNa  FoBD,  Brooklyn,  N.  Y. 
James  Fobgie,  New  York  Citj . 
James  Lincoln  Fype,  Chicago,  111. 
Edward  Dana  Habdy,  Washington,  D.  C. 
Leonhabd  John  Hohl,  Oroville,  Cal. 
•     RuFUS  Camebon  Hunt,  New  York  City. 
Hermann  Kowbb,  Berkeley,  Cal. 
Frederick  Wimjam  La  Forge,  Fort  Terry,  N.  Y. 
Otto  Heinrich  Lang,  Dallas,  Tex. 
WiLiiiAM  DoMiNiCE  liABBABEE,  Los  Augeles,  Cal. 
Fbane  MUiLEB,  New  York  City. 
EusEBius  Joseph  Moleba,  San  Francisco,  Cal. 
John  Edwin  Moobe,  Chicago,  111. 
Geobge  Habbison  Neilson,  Braebum,  Pa. 
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WrLiiABD  Pope,  Walkerville,  Ont.,  Canada. 
Wendell  Monroe  Eeed,  Roswell,  N.  Mex. 
Louis  Datidbon  Bickettb,  Globe,  Ariz. 
Walter  Hebbebt  Seabs,  Eatonah,  N.  Y. 
Habby  Randolph  Taloott,  Cumberiand,  Md. 
Fbank  Tetghman,  San  Francisoo,  Cal. 
James  Wilson  Gbimbs  Walkbb,  CharleBton,  S.  C. 

As  Associate  Membebs. 

William  Bbokaw  Bampobd,  New  York  City. 

Fbank  Colbubn  Bowleb,  Millinocket,  Me. 

Stephen  Peabson  Bbown,  Stratford,  Conn. 

Newton  Albebt  Kendall  Buobee,  Trenton,  N.  J. 

Chables  Joseph  Cabboll,  Dnrango,  Mexico. 

Geoboe  Washington  Cobbigan,  Self,  Ark. 

Jackson  Colbobn  Hitchman,  City  of  Mexico,  Mexico. 

Stephen  Ephbaim  Eieffeb,  Berkeley,  Cal. 

Abchibald  Angus  Macdonald,  New  York  City. 

John  de  Nayabbe  Macomb,  Jr.,  Lawrence,  Kans. 

Alfbed  Moyeb  Meyebs,  Milwaukee,  Wis. 

William  Pool  Pabkeb,  Kansas  City,  Mo. 

Geobge  Whitfield  Ppeiffeb,  Daiquiri,  Cuba. 

Louis  Adams  Bobb,  Newark,  N.  J. 

William  Kebpeb  Run  yon,  Newark,  N.  J. 

Thomas  Babtlett  Seabs,  Lawrence,  Kans. 

Fbank  Cummings  Shephebd,  New  York  City. 

Tybbell  Bbadbuby  Shebtzeb,  New  York  City. 

Chesteb  Wason  Smith,  Clinton,  Mass. 

William  Fbeeman  Stevenson,  New  York  City. 

James  Boobman  Stbong,  Niagara  Falls,  N.  Y. 

Ralph  Cone  Taggabt,  New  York  City. 

RiCHABD  Fenwick  Thobp,   Mauaar,  Madura  Dist.,  South 

India. 
Austin  King  Tiebnan,  Salt  Lake  City,  Utah. 
Chables  Lucas  Wachteb,  New  York  City. 

As  Associate. 
James  Mobton  Caibd,  Troy,  N.  Y. 

The  Secretary  announced  the  following  deaths: 

Alexandeb  Macomb  Milleb,  elected  Member  June  6th,  1888;  died 
September  14th,  1904. 

Van  Nobman  McGee,  elected  Associate  Member,  June  6th,  1900; 
^ied  September  28th,  1904. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanks^lvlns  Day  and 
Christmas  Day. 

MBETINQS. 
Wednesday,  November  ad,  1904. — 8.30  p.  m.^A  regular  businefia 
meeting  will  be  held.  **  A  New  Method  of  Tunneling  as  Applied  to 
the  Construction  of  the  14  and  15-ft.  Bay  Bidge  Sewer,"  will  be  de- 
scribed by  James  C.  Meem,  Assoc.  M.  Am.  Soc.  C.  E.,  and  illustrated 
with  lantern  slides. 

Wednesday,  November  i6th,  1904.— 8.30  p.  m.— At  this  meeting 
Walter  C.  Parmley,  M.  Am.  Soc.  0.  E.,  will  address  the  Society  and 
describe  the  Walworth  Sewer,  Cleveland,  Ohio,  illustrating  his 
remarks  with  lantern  slides. 

UNIVERSAL  EXPOSITION,  ST.  LOUIS,  1904. 

The  Society  has  undertaken  to  provide  for  an  engineering  exhibit, 
and  the  establishment  of  Headquarters  for  visiting  engineers  In  the 
center  of  the  Liberal  Arts  Building,  and  the  Board  of  Direction  has 
appropriated  sufficient  funds  to  defray  the  necessary  expense. 

This  matter  is  in  the  hands  of  the  following  committee: 

BoBERT  MooKE,  M.  Am.  Soc.  C.  E.,  St.  Louis,  Mo.,  Chairman. 

Edward  C.  Cabt^^i,  M.  Am.  Soc.  C.  E.,  Chicago,  111. 

MoBDEGAi  T.  Endicott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C. 

James  L.  Fbazier.  **  **  Frankfort,  Ind. 

WniiiiAM  Jackson,  **  "         Boston,  Mass. 

Emtl  KuiCHiiiNO,  "  **        'New  York,  N.  Y. 

J.  L.  Van  Ornum.  **  "  St.  Louis,  Mo. 

John  F.  Wallace,  **  "  Chicago,  111. 

O.  E.  MoaENSEN,  Sec'y,  **  '*  St.  Louis,  Mo. 

PRIVILEGES  OF  LOCAL  SOCIETIES   EXTENDED  TO  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Engineers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days  from 
9  A.  M.  to  5  p.  M.  Members  will  also  be  welcome  at  the  meetings, 
which  are  held  in  the  same  building,  on  the  evenings  of  the  fourth 
Wednesday  in  January,  and  the  third  Wednesdays  of  other  months, 
except  July  and  August. 
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The  rooms  of  the  St.  Louis  Engineers'  Ciubt  in  the  business  center 
of  St.  Louis,  ivill  be  kept  open  during  the  World's  Fair  season,  May 
1st  to  December  Ist,  1904,  and  visiting  engineers  are  cordially  invited 
to  use  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  the  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Civil  En- 
gineers. The  rooms  of  the  Society,  410  Penn  Ave.,  Pittsburg,  Pa., 
are  open  at  all  times,  and  meetings  are  held  as  follows,  except  during 
July  and  August.  EEGUiiAB  Section,  Third  Tuesdays;  CHEMiCAii 
Section,  Thursdays  following  third  Tuesdays;  MECHANiCAii  Section, 
first  Tuesdays;  Structural  Section,  Fourth  Tuesdays. 

The  Western  Society  of  Engineers,  Monadnock  Block,  Chicago, 
111.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  with  the  good  offices  of  its  Secretary  and  of  a 
special  committee  appointed  for  that  purpose. 

Tlie  Civii  Engineers'  Ciub  of  Cievelan4,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 


SEARCHES  IN  THE  LIBRARY. 

'  In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time-  many  such 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it  is 
only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost  of 
searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
'books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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LIST  OP  NOMINEES  FOR  THE  OFFICES  TO  BE  FILLED  AT  THE 
ANNUAL  ELECTION,  JANUARY  18tta,  1905. 

The  foUowing  list  of  nominees  for  the  offices  to  be  filled  at  the 
Annual  Meeting,  January  18th,  1905,  received  from  the  Nominating 
Committee,  was  presented  to  the  Board  of  Direction  at  its  meeting  on 
October  6th,  1904.  The  list  has  already  been  mailed  to  all  Corporate 
Members. 

•  For  President,  to  serve  orte  year: 
C.  C.  ScHNEEDEK,  New  York  City. 

For  Vice-Presidents,  to  serve  two  years: 
M.  L.  HoiiHAN,  St.  Louis,  Mo. 
£mil  Extichuno,  New  York  City. 

For  Treasurer,  to  serve  one  year: 
Joseph  M.  Knap,  New  York  City. 

For  Directors,  to  serve  three  years: 
MoRBis  E.  Shebbebd,  Newark,  N.  J.,  representing  District  No.  1. 
Austin  L.  Bowman,  New  York  City,  representing  District  No.  1. 
HwyieTrrATT  BisseiiIj,  West  Medford,  Mass.,  representing  District  No.  2. 
Edwin  A.  Fisheb,  Rochester,  N.  Y. ,  representing  District  No.  3. 
WiiiiiiAM  B.  Landbeth,  Albany,  N.  Y.,  representing  District  No.  3. 
Geoboe  S.  Piebson,  Kalamazoo,  Mich.,  representing  District  No.  5. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  September  13th  to  October  11th,  1904. 
DONATIONS.* 
MAXWELL'S  THEORY  AND  WIRELESS  TELEGRAPHY. 

Part  I,  Maxwell's  Theory  and  Hertzian  Oscillations.  By  H. 
Poincare;  translated  by  Frederick  K.  Vreeland.  Part  II,  The  Prin- 
ciples of  Wireless  Telegi-aphy;  by  Frederick  K.  Vreeland.  Cloth, 
9  X  6,  11  4-  265  pp.,  illns.  New  York,  McGraw  Publishing  Company, 
1904.     $2. 

The  author  states  that  the  object  of  this  book  is  to  give  a  physical  treatmeDt  of 
Mazweirs  theorv  and  its  applications  to  some  modem  electrical  problems,— to  set  forth 
the  fundamental  principles  which  underlie  all  electrical  phenomena,  according  to  Max- 
well and  his  followers,  to  show  how  these  principles  explain  the  ordinary  facts  of  elec- 
tricity and  optics  and  to  derive  from  them  a  practical  understanding  of  the  essentially 
of  wireless  teWraphy.  He  states  that  it  has  been  his  purpose  in  Part  II  to  take  up  the 
thread  where  M.  Poincar6  dropped  it,  carrying  the  line  of  thought  into  the  practical 
Held  of  wireless  telegraphy,  and  applying  the  principles  laid  down  in  Part  I  to  the  va- 
rious problems  involved;  not  intending  it  to  be  a  treatise  on  wireless  telegraphy,  the 
object  being  rather  to  deal  with  principles  and  to  trace  the  development  of  tne  art  in  its 
essential  features.  Where  specific  cases  are  cited  they  are  chosen  with  reference  to 
their  fitness  to  illustrate  an  idea,  and  they  are  treated  with  a  view  to  emphasize  that 
which  is  essential  and  minimize  superficial  or  unimportant  details.  An  alphabetical 
index  of  six  pages  is  included. 

THE  STORY  OP  AMERICAN  COALS. 

By  William  Jasper  Nicolls,  M.   Am.   Soc.   C.  E.     Cloth,  8  x  6  in., 

396  pp.     Philadelphia  and  London,  J.  6.  Lippincott  Company,  1904. 

The  preface  states  that  the  ''Story ''  has  been  written  for  those  interested  in  Ameri- 
can Coals  either  as  operatora«  miners,  dealers,  carriers,  or  the  multitude  of  consumers— 
the  American  people.  During  years  of  employment  in  the  coal  fields  of  Pennsylvania, 
the  writer  has  gathered  the  material  from  every  available  source,  and  added  it  to  his 
practical  knowledge  gained  by  experience.  The  simple  arrangement  of  the  chapters, 
oef^nning  with  the  origin  of  coal  and  its  development,  together  with  a  description  of 
the  different  routes  by  which  it  reaches  the  consumer,  ana  the  various  uses  to  which  it 
is  put,  is  followed  by  a  complete  index,  so  that  the  book  can  be  used  for  reference. 
This  second  edition  has  been  carefully  revised  and  brought  up  to  date.  Since  the  first 
was  issued  the  United  States  has  passed  from  second  place  m  coal  production  to  the 
liead  of  all  other  nations.    The  index  covers  eighteen  pages. 

TELEPHONY. 

A  Mannal  of  the  Design,  Construction  and  Operation  of  Telephone 
Exchanges.  In  Six  Parts.  Part  V,  The  Substation.  By  Arthur 
Vaughan  Abbott.  Cloth,  8  x  6,  17  +  473  pp.,  illus.  New  York,  McGraw 
Publishing  Company,  1904.     I? 1. 50. 

The  fifth  part  of  Mr.  AbbottN  work  on  the  Telephone  is  devoted  to  the  substation. 
The  author  says  that  little  that  is  novel  can  be  claimed  for  the  present  presentation. 
Historical  references  are  of  the  briefest,  as  thousands  of  devices  are  not  even  mentioned 
because,  however  ingenious,  or  otherwise,  they  have  for  one  reason  or  another  failed  to 
meet  the  test  of  time  and  experience.  The  attempt  has  been  made  to  present  the  subject 
in  its  practical  aspect  only,  but  withal  to  embrace  the  point  of  view  of  the  subscriber  as 
'well  as  that  of  the  telephone  manager.  The  Contents  are:  Introduction;  The  Receiver: 
Telephone  Transmitters:  Induction  Coils  and  Sub-Station  Circuits;  Transmission  and 
Current  Supplv:  Slsnalling  Apparatus;  Protection;  Party  Lines;  Sub-Station  Assem- 
bla^;  Costs  of  Installation  and  Operation. 

Gifts  have  also  been  received  from  the  following: 

Alaaka  Treadwell  Gold  Min.  Co.    1  pam.  Cape  of  Good  Hope— Director  of  Rys.    8 

Am.  Inst,  of  Archts.    1vol.  vol. 

Atchison,  Topeka  &  Santa  F6  Ry.  Co.    1  Chicago  &  Alton  Ry.  Co.    1  pam. 

pern.  Chicago  &   North  Western   Ry.   Co.    1 
Bloomfleld.  N.  J.— City  Council.    2  pam.  pam. 

Boston  &  Mahie  R.  R.    1  pam.  Chicago  Qreat  Western  Ry.  Co.    Ipam. 

Brit.  Assoc,  for  the  Advancement  of  Sd.  Chicago,  Milwaukee  Sc  St.  Paul  Ry.  Co 

1  bound  vol.  1  pam. 
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Colo.  &  Southern  Ry.  Co.  1  pam. 

Eldg.  Hydrometriscnes  Bureau.    2  pam. 

Eners.  Club  of  Philadelphia.  1  pam. 

Fisk,  W.  L.    1  pam.,  8  maps. 

Fort  Worth  &  Denver  City  Ry.  Co.     1 

pam. 
Great  Britain— Patent  Office.    6  vol.,  6 

pam. 
Gulf  &  Ship  Island  R.  R.  Co.    1  pam. 
Hocking  valley  Ry.  Co.    1  pam. 
Huergo,  L.  A.  8  bound  vol..,  8  vol.,  1  pam., 

11  maps. 
HI.  Central  R.  R.  Co.    1  pam. 
Ind.— ^tate  Geologist.    1   bound  vol.,  1 

map. 
Interstate  Commerce  Com.    10  pam. 
Inst,  of  Naval  Archts.    1  bound  vol. 
Lawrence,  Mass.— Water  Board.    1  pam. 
Lehigh  Valley  R.  R.    1  pam. 
Loweth,  C.  F.    2  pam. 
Me.  Central  R.  R.  Co.    1  pam. 
Min.  Soc.  of  Nova  Scotia.    1  pam. 
Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 

Ry.  Co.    1  pam. 
Missouri  Kansas  &  Texas  Ry.  Co.   2  pam. 
Montclair,  N.  J. —Board  of  Health.   2  pam. 
Nashville.  Chattanooga  &  St.  Louis  Ry. 

Co.    1  pam. 


New  England  Assoc,  of  Gas  Engrs.  1 

bound  vol. 
New  South  Wales— Ry.  Conmir.    1  pam. 
N.  Y.  City— Dept.  of  Parks.    1  bound  vol. 
N.  Y.  City— Dept.  6f  Water  Supply,  Gsb 

&  Electricity.    1  bound  vol. 
N.  Y.  Central  &  Hudson  River  R.  R.  Co. 

1  pam. 
Philadelphia— Bureau  of  Water,    1  bound 

vol.,  1  pam. 
Philadelphia -Mayor.    8  vol. 
Rutland  R.  R.  Co.    1  pam. 
St.  Louis  Southwestern  Ry.  Co.    1  pam. 
Southern  Ind.  Ry.  Co.    1  pam. 
Toledo,  Peoria  &  Western  Ry.  Co.  1  pam. 
Trenton,  N.  J.— State  Geol.  1  bound  vol 
U.  8.— Geol.  Surv.    4  vol.,  8  pam. 
U.  8.  Office  of  Exper.  Stations.    5  pam. 
U.  8.— War  Dept.    1  vol. 
Verein  deutscner  Portiand-Zement  Fa- 

brikanten.    1  pam. 
Vermehren,  Ed.    1  pam. 
Webster,  G.  8.    1  bound  vol. 
Wis.  Geol.  and  Natural  History  Surr.    1 

bound  vol. 
Ziffer,  E.  A.    1  pam. 


BY  PURCHASE. 


Vol.  16.      New  York,  Chicago,  The 


The  Encyclopedia  Americana. 

Americana  Company. 

Proceedings  of  the  Indiana  Engineering  Society.  20tb-24tli  An- 
nual Beporta.     Greenfield  and  Indianapolis,  Ind.,  1900-04:. 

Proceedings  of  the  Association  of  County  Surveyors  and  Civfl 

Engineers  of  the  State  of  Indiana  at  its  Second  Annual  Meeting  held 
in  Indianapolis,  January  17th  and  18th,  18S2;  together  with  the  Con- 
stitution and    By-Laws,   Begistered    Members,    etc.      Indianapolis, 

1882. 

Repertorlum  der  Technischen  Journal -Literatur.  Herausgegeben 
in  Kaiserlichen  Patentamt.  Jahrgang  1903.  Berlin,  Carl  Hermanns, 
1904. 


SUMMARY  OF  ACCESSIONS. 

September  13th  to  October  11th,  1904. 

DonatioDs  (including  14  duplicates) 123 

By  purchase 8 

Total 131 
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MEMBERSHIP. 


ADDITIONS. 

MEMBBB8.  Date  of 

Membership. 

Abbott,  Fred  Wjilteb.    303  Hale  Bldg.,  Philadelphia,  Pa. . . .  Sept.  7,  1904 

Ai^BN,  CHABLE8  Ambs.    Chf.  Draftsman.  F..  S.  &  ( ^^^  ^  j^  .    ^^^ 

8.    Dept.,   The    PennsyUania   Steel    Co.,  -J  j^  g     .  g    jqq^ 

Steelton,  Pa (     *  P*     » 

AuiiBN,  Wzij:jam  Akdbbw.    Engr.,   United  Lead  |  Assoc.  M.  Feb.  6,  1901 

Co..  71  Broadway,  New  York  City I  M.  Sept.  6,  1904 

Bi^oDosTT,  Albebt  Mobbux.      CiT.  Engr.  and  Bridge  Contr., 

405  Thayer  Bldg.,  Kansas  City,  Mo Sept.  7,  1904 

Bbadt,  Sawjkl  DuNLip.    Parkersbnrg,  W.  Va Sept.  7.  1904 

Cos,  Dayid.    Bincon  Antonio,  Oaxaca,  Mexico Sept.  7,  1904 

Fbxmch,  Fbedbbick  Beoikald.    Cor.  La^^na  and  Islay  Sts., 

Santa  Barbara,  Cal Sept.  7,  1904 

Fuixeb,  Habbt.      Engr.,  The  King  Bridge    Co.,  Cleveland, 

Ohio Sept.  7,  1904 

Gbben,  Butobb  Bleeoteb.    Civ.  Engr.,  The  Sol-  l^^'     ,,  ^^  ^»  ]l^ 

vay  Process  Co.,  Detroit,  Mich 1  ^«««°-  ^'  ^^'-  ^'  ^^^ 

^  (M.  Sept.  6,  1904 

(Jnn.  Nov.  6.  1894 

Habbis.  Van  Allen.    San  Juan,  Porto  Rico J  Assoc.  M.  Oct.  5,  1898 

Im.  Sept.  6,  1904 

HoFPMANN,  Robbbt.    Asst.  Engr.,  Dept.,  Public  j  ^ggoc.  M.  June  5,  1901 

Service,  in  Chg.   of  Sewtjrs   and   Drains,  •<  ^  g^^  g    jqq^ 

P.  O.  Box  180,  Cleveland,  Ohio i      " 

JodNSTON,  Clabence  Thomas.    State  Engr.,  Cheyeone,  Wyo  .  Sept.  7,  1904 

NoNN,  Paul  N.     P.  O.  Box  3,  NingAra  FhIIs,  N.  Y Sept.  7,  1904 

RsDLicH,  Cabl.    Civ.  Engr.   and  Contr.,  3  GarnisonsgaBse, 

Vieiina,  Austria Sept.  7,1904 

RiBONEB,  Wallace  Bebklet.    Engr.  of  Bridges,  P.  &  R.  Ry., 

520  Reading  Terminal,  Philadelphia,  Pa Sept.  7,  1904 

ScoFiBLD,  Glenn  Mason.      Secy,  and  Trees.,  The  Scofield  Co., 

906  Pennsylvania  Bldg.,  Philadelphia,  Pa Sept.  7,  1904 

Stbbhlow,  Oscab  Emil.     U.  S.  Asst.  Engr.,  South  j  Assoc.  M.  Mar.  6,  1901 

Bend,  lod 1  M.  Sept.  6,  1904 

ASSOCIATE  MBMBEBS. 

BLI88,  Geobob  Henbt.    Asst.  Engr.,  U.  S.  Geological  Survey, 

Reclamation  Service,  Box  642,  North  Yakima,  Wash...  Sept  7,  1904 

Booth,  Geobob  William.    Northboro,  Mass Sept.  7,  1904 

BowEN,  Shbbman  Wobobsteb.    5945  Cote  Brilliants  Ave.,  St. 

Louis,  Mo Sept.  7,  1904 

Btjfvinton,  Benjamin  Thomas.    (Wolstenholme  &  Buffinton), 

Fall  River,  Mass Sept.  7,  1904 
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Date  of 
Membership. 
Cole,  Edwabd  Smith.  .  Cons.  Engr.,  The  Pitometfr  Co.,  220 

Broadway.  New  York  City Sept.   7,1904 

HiLLBB,  John  Augustus.    2385  Eastern  Ave.,  Cincinnati,  Ohio .  Sept    7.  ]90i 

Lamb,  Ebnist  Ayebt.    385  Hudson  Atc.,  Albany,  N.  Y. . . .  ^ .  Sept.   7,  1904 
Lavellb,  Thomas  Momahan.     Engr.,  Yards  and  Bldgs.,  Am. 

Bridge  Co.,  Ambridge,  Pa Sept.    7,1904 

LoYETT  Geobgb  Fbbdsbick.      Care,  Finch,  Pmyn  &  Co.,  Box 

185,  Glens  Falls,  N.  Y Sept.    7,1904 

McCuBDT,  Habbt  Shbbwood  Rotdbn.     15  Beacon  St.,  Boston, 

Mass Sept.   7,  1904 

Opdyoeb.  Hbnbt  Goeton.     310  West  97th  St.,  New  York  City.  Sept.   7,  1904 

Thompson,  Clabemob  Habd.   211  Shonnard  St.,  Syracuse,  N.  Y.  Sept.   7,  1904 
VoTNow,  CoNSTANTiNB  BoBissoN.   Asst.  Engr.,  Phil.  Bap.  Trans. 

Co.,  9th  and  Dauphin  Sts.,  Philadelphia,  Pa Sept.   7,  1904 

Wiluams,  Pablet  Lycubgub,  Jr.   Snpt.,  Highland  Boy  Mines, 

Utah  Cons.  Mia.  Co.,  Bingham,  Utah Sept.   7,  1904 

ASSOCIATES. 

Bailet,  John  Alexandbb.    40  Sonford  St.,  East  Orange,  N.  J.    Sept.   7,  1904 

JUNIOBS. 

BiiACXBUBN,  Nathaniel  Townsekd.    U.  S.  Engr.  Office,  Gal- 
veston, Tex Sept.  6,  1904 

IDegkeb,  John  Hull.    Care,  The  Atlantic  City  Sewerage  Co., 

231  Bartlett  Bldg.,  Atlantic  City.  N.J Sept.  6, 1904 

Dudley,  Chables  Tabbell.     1010  Mutual  Bank  Bldg.,  San 

Francisco,  Cal Sept.  6,1904 

ErrzEN,  Abthub  Bobebt.     Columbia,  Mo Sept.  6,  1904 

Fox,  Henrt  Hbywood.    99  Irving  St.,  Cambridge,  Mass Sept.  6,1904 

Hall.  Robbbt  Elliot.    4  South  St.,  Auburn,  N.  Y Sept.  6,  1904 

Hawkeswobth.  John.     10  Jay  St. ,  New  York  City S»-pt.  6,  1904 

Howabd,  Clement  John.    U.  S.  Engr.  Office.  Galveston,  Tex.  Sept.  6,1904 
Maobudeb,   Fbank  Cecil.     Care,   U.   S.  Geological  Survey, 

Belle  Fourche,  S.  Dak Sept.  6,1904 

Bobebts,    Alfbbd    Wheeler.    411  Fairmount  Ave.,   Jersey 

Ciy.N.J April  5,1904 

CHANGES  OP  ADDRESS. 

mbmbbbs. 

Bell,  Gilbebt  Jambs Asst.  Engr.,  A.,  T.  ft  S.  F.  By.,  1222  East 

Tenth  St.,  Kansas  City,  Mo. 

BiDDLE.  William  Fostbb 209  South  3d  St.,  Philadelphia,  Pa, 

Bisbee,  Fbed  Milton Acting  Engr.,  Western  Grand  Div.,  A.,  T. 

A  S.  F.  By.,  La  Junta,  Colo. 

Bbegsinbidob,  William  Lewis Engr.,  C,  B.  &  Q.  By.,  Lines  East  of  Mis- 
souri Biver,  Chicago,  111. 
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Bbtsoh.  Akd&bw Pres.,   Brylgou  Steel  Casting  Co.,   New 

Castle,  Del. 
BoTLEB,  Matthew  Joseph Anst.  Cbf.  Engr.,  Transcontinental  By., 

Ottawa,  Ont ,  Canada. 
Chambebs,  Frank  Tatlob Civ.  Engr.,  U.  S.  N.,  Navy  Dept.,  Wash- 
ington, D.  C. 
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Highway  Bridges.    C.  M.  Canady.    (58)  June. 
Plate  Girder  Webe.    ( la)  Sept.  9. 
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Saries  Running  of  Enclosed  Arcs.    H.  Stafford  Hatfield.    (73)  Sept.  9. 
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Storage  Battery  Exhibit  at  St.  Louis.*    (ay)  Sept.  10. 
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Sept.  16. 
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The  Propagation  of  Electric  Waves  Along  Spiral  Wires  and  on  an  Appliance  for  Meas- 
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of  Paper  read  before  the  British  Asaoj.  for  the  Advancement  of  Science.)     (73) 

Sept.  16. 
Medium-Span  Line  Construction.*    C.  A.  Copelanl.    (Paper  read  before  the  Pacific 

Coast  Klec.  Transmission  Assoc.)    (73)  Sept.  16. 
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*  lUufltrated. 
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Large  Bulb  Incandescent  Electric  Lamps  as  Secondary  Standards  of  Light.    J.  A. 

Fleming.    (Abstract  of  Paper  read  before  the  British  Assoc,  for  the  Advancement 

On  the  H«?tlng  of  ^hree-^ase  Cable  Sheaths.*    M.  B.  Field.    (a6)  Sept.  88. 

The  Care  of  Switchboards.    (26)  Sept.  88. 

The  Three-phase  40  OOO-Volt  Power  Transmission  from  Qromo  to  Nembro  (Lombardia).* 

(a6)  Sept.  88. 
The  Willesden  Power  House  of  the  North  Metropolitan  Electric  Power  Supply  Co.*   (73) 
^  Serial  bewrinning  Sept.  88. 

^e  Duplex  Balancing  of  Telegraph  Cables.*    W.  (3toye.    (73)  Serial  beginning  Sept.  88. 
The  Starting  of  the  Bteyland  SUigfe- Phase  Induction  Motor.*    A.  Boyd.    (73)  Sept.  88. 
The  ElectromotiTe  Force  of  the  Clark  Cell.    (73)  Sept.  88. 
On  the  Predetermination  of  Plunger  Electromagnets.*    Silvanus  P.  Thompson.    (Paper 

read  before  the  International  Elec.  Congress.)    (73)  Sept.  28. 
A  16-Mile 80 000-Volt  Experimental  Electric  Transmission  Line.    A.  C.  Balch.    (Paper 

read  before  the  Pacific  Coast  Elec.  Transmission  Assoc.)    (73)  Sept.  88. 
Report  on  High  Voltage  Transmission  Lines  (to  the  St.  By.  Assoc,  of  the  State  of  N.  Y.) 
„    (17)  Sepi..  84. 

Testing  of  Large  Capacity  Induction  Wattmeters.    E.  W.  Gough.    (27)  Sept.  84. 
American  Practice  in  High-Tension  Line  Construction  and  Operation.    F.  A.  C.  Perrine, 

M.  Am.  Inst.  Elec.  £.    (Abstract  of  Paper  presented  before  the  International  Elec. 

Congress.)    (13)  Sept.  89. 
The  PuyaUup  River  Water  Power  Development  near  Tacoma,  Washington.*    (13)  Sept. 

,   88: 1141  Oct.  1:  (37)  Serial  beginning  Oct.  1. 
Alumbiium  Electrical  Conductors.    Roderick  J.  Parke.    (Abstract  of  Paper  read  before 

the  Canadian  Elec.  Assoc.)    (a6)  Sept  80. 
A  New  Electro-Chronograph.*   David  Owen.    (73)  Sept.  80. 
Electrolytic  Receivers  in  wireless  Telegraphy.    Lee  de  Forest.    (3)  Oct. 
Telpherage.*   C.  J.  Messer.    (3)  Oct. 

Speed  Control  of  Motors.*    Norman  Ghurdner  Meade.    (64)  Oct. 
The  Service  Power  Plant  at  the  World's  Fair.*    (41)  Oct.;  (18)  Oct.  1;  (13)  Oct.  7. 
Power  Station  Equipment  for  the  World's  Fair,  St.  Louis.*    (27)  Oct.  1. 
Electric  M(»tors  in  Machine  Shop  Service.    (14)  Oct.  1. 

Speed  Regulation  in  Combined  Steam  and  Hydraulic  Power  Systems.    ( 14)  Oct.  1 
The  5  OOO-Horse-Power  Three-Phase  Turbo-Alternator  at  the  Porta  Volta  Electric  Sup- 
ply Station  of  MUan.*    (19)  Oct.  1. 
The  Yorkshire  and  Lancashire  Electric  Power  Companies.*    (Abstract*  of  Paper  read 

before  the  International  Elec.  Congress.)    (14)  Oct.  8. 
A  Oas  Engine  Harbor  Electric  Plant.*    (vj )  Oct.  8. 
The  Works  of  the  Ontario  Power  Company  of  Niagara  Falls*    (14)  Serial  beginning 

Oct.  8. 
Mercadier*s  System  of  Attuned  Telegraphy.*    (Translated  from  Prometheus.)     (19 J 

Oct.  8. 
Experiences  sur  les  Courants  Continus  A  Haute  Tension.*    (33)  Sept.  17. 
Separation  de  THuile  des  Eaux  de  Condeasation  par  le  Courant  Electrique.*     (33) 


Sept.  84. 
8  Ai  te: 


Les  Altemateurs  Westinghouse.*    F.  Oramyr.    (36)  Sept.  86. 

Sur  rEtablisseraent  Rationnel  des  Dynamos.    C.  F.  Ouilbert.    rFrom  Bulletin  trimes- 

triel  de  la  Soci6t6  amicale  d'ingdnieurs  sortant  de  r^cole  sup6rieure  d'Electricltd.) 

136)  Sept.  85. 

Marine. 

Description  of  the  Electrical  Equipment  of  an  Engine  Works  and  Shipyard,  with  Notes 

Thereon.    H.  O.  Wraith,  Assoc.  M.  I.  K.  E.    (77)  Aug. 
The  Austrian  Lloyd's  Steamer  Africa.*    (11)  Serial  begmning  Sept.  8. 
The  Indian  Troopship  DujA'eHn.    (la)  Sept.  16. 

Launch  of  the  Firnt  Tnrblne-PropeJled  Liner  for  Transatlantic  Traffic.    (46)  Sept.  17. 
Steam  Turbine  Propulsion  for  Marine  Purposes.    A.  Rateau.    (Paper  read  before  the 

Inst,  of  Naval  Archts.)    (10)  Serial  beginning  Sept.  17  . 
The  Desini  of  a  Launch  Motor.*    Edward  Butler,  M.  I.  M.  E.    (47)  Serial  beginning 

The  Design  of  a  Dry  Dock.*    Alfred  W.  Young.    (Paper  read  before  the  Junior  Inst. 

Engrs.)    (II)  Sept.  80. 
Auxiliaries  of  a  War  Fleet;  with  Special  Reference  to  Recent  Additions  to  the  British 

Navy.*    Archibald  S.  Hurd.    (10)  Oct. 
Launching  of  the  Connecticut  and  Milvoaukee.*    (46)  Oct.  1. 
The  Launching  of  the  U.  S.  Battleship  Connecticut.*    (ao)  Oct.  6. 

*  Illustrated. 
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Martae— (CoBtlBucd ) . 

Italian  Flrst-Claas  Battleship  Regina  Margherita*    ( 19)  Oct.  8. 

Some  New  Tsrpes  of  Lifeboats.*    (46)  Oct.  8. 

Peary's  New  Ship  for  Work  in  Arctic  Seas.*    ^46)  Oct.  8. 

Fonts  Roulants  Electriques,  pour  Cales  de  Construction  de  NavireB.*    (34)  Sept. 


Inertia  in  Gas  and  Steam  lfin«dnes.*    A.  T.  Kasley.    (58)  July. 

A  Simple  Dynamometer.*    w.  J.  Spiro.    (6)  July. 

The  Utilization  of  the  By-ProductB  in  the  Manufacture  of  Portland  Cement.  Bernard 
Enright.    (67)  Aug. 

Flame  Temperatures  in  Internal  Combustion  Engines,    (aa)  Aug.  26;  (a6)  Sept.  S. 

The  Utilisation  of  Waste  Heat  from  Coke  Ovens,    (aa)  Aug.  26. 

The  Aerial  Ropeway  at  Aberf eldy.*    ( la)  Sept.  2. 

The  Utilisation  of  Coke  Oven  Qas.*    ( la)  Sept.  2. 

Tandem  Compound  Drop  Valve  Steam  Engine.*    (la)  Sept.  2. 

The  Zoelly  Steam  Turbine.*    Walter  Rappaport.    ra6)  Sept.  22. 

The  Calorimetry  of  Gaseous  Fuels.*  w.  (jkmet  wemham.  (Abstract  of  Paper  read 
before  the  Junior  Inst,  of  Engrs.)    (47)  Sept.  8.  ^^ 

Flame  Temperatures  in  Internal-Combustion  Motors.*  Dugald  Clerk.  ''Paper  read  be- 
fore the  British  Assoc,  for  the  Advancement  of  Science.)  (47)  Serial  beginning 
Sept.  8. 

The  Effects  of  Receiver  Drop  in  a  Compound  Engine.  Joseph  W.  Hay  ward.  (Paper 
read  before  the  British  Assoc,  for  the  Advancement  of  Science.)  (47)  Sept  8;  (73) 
Sept.  16. 

Machine  Tools  at  St.  Louis  Exhibition.*    (aa)  Sept.  9. 

The  Prevention  of  Heat  Radiation  from  Steam  Pipes.*  Francis  H.  Davies.  (73) 
Sept.  0 

A  New  Oil  Engine.*    (la)  Sept.  9. 

Notes  on  American  Steel  Works.*  David  E.  Roberta,  M.  Inst.  C.  E.  (11)  Serial  begin- 
ning Sept.  9. 

The  Turbo-Electric  Power  System  in  Paint  Manufacture.*    (a7)  Sept.  10. 

Effective  Steam  Planta  for  Gas  Manufacture.  C.  H.  Pennoyer.  (Paper  read  before; the 
Pacific  Coast  Gas  Assoc.)    (a4)  Sept.  12. 

Boiler  Hcale  and  the  Transmission  of  Heat.*    A.  D.  Risteen.    (6a)  Sept.  15. 

A  Bricking  Plant  for  Flue  Dust  and  Fine  Ores.*    Jas.  C.  Bennett.    (16)  Sept.  16. 

Testa  of  an  Oil  Engine  with  Steam  Injection.*    (13)  Sept.  15. 

The  40-Ton  Guy  Derricks  at  the  New  Wanamaker  Store,  Philadelphia,  Pa.*  (13) 
Sept.  15. 

Latest  Design  of  American  Steel  Plant  for  the  Production  of  Billeta.*    (aa)  Sept.  16. 

The  Clarkson  Steam-Motor  Omnibus.*    ( la)  Sept.  16. 

Trial  of  a  240-H.  P.  Diesel  Oil  Engine.*  Michael  Longridge,  M.  Inst.  C.  E.  (47) 
Sept.  17.  -•   "•  1 

The  Crocker  Steam  Turbine.    (47)  Sept.  17. 

Proportions  of  the  Mechanical  Equipment  of  the  Whitehall  Building,  New  York.*    (14) 

A  Molasses  Pumping  Plant  in  Boston.*    ( 14)  Sept  17. 

Compressed  Air  and  Pneumatic  Tools  in  Engineering  Works.    Frank  Fielden.    (6a) 

A  For^-Passenger  Automobile.*   (ao)  Sept.  22. 

Standard  and  Systematic  Methods  for  Making  Beds.*   Thomas  D.  West.    (Paper  read 

before  the  Amer.  Foundrymen*s  Assoc. )    (11)  Sept.  28. 
The  Manufacture  of  Small  Briquettes.*    Dr.  Sieger.    (From  StcM  und  Eiten,)    (57) 

Sept.  28. 
Valve  Motion:  Ite  Relation  to  Steam  Economy.*    (Abstract  of  Paper  read  before  the 

Traveling  Engineers*  Assoc.)    (40)  Sept.  28. 
Imperial  Works  of  the  Oil  WeU  Supply  Co.,  Oil  City,  Pa.*    (14)  Sept.  24. 
Suction  Gas  Produoeni.*    Oskar  Nagel.    (a7)  Sept.  24 
An  Automatic  Lamp  Lighting  and  Extinguishing  Device.*    Alfred  Gradenwita.    (19) 

Sept.  M. 
Turbine  Testing  Plant  of  the  Westinghouse  Machine  Co.*    (14)  Sept.  24. 
Internal  Combustion  Engines  at  the  St.  Louis  Exposition.*    (a7)  Sept.  24. 
Some  Practical  Observations  on  the  Flow  of  Gases  in  Pipes.    (a4)  Sept.  26. 
Reeves  Engine  Tests.*    (6a)  Sept.  29. 
aO-Inch  Double  Boring  and  Turning  Mill.*    (la)  Sept.  80. 
The.Utillsationof  Peat.*    (aaji  Sept.  80. 
The  Economy  of  Feed  Water  Heating.    (64)  Oct. 
A  Solution  of  an  Important  Gas  Engme  Problem.    (64)  Oct. 
Steam  Turbine  Construction.*    O.  Lasche.    (64)  Oct. 
The  Riedler-Stumpf  Turbioe  and  ita  Applications.*    (64)  Oct. 

Portland  Cement  Crushing  and  Grinding  Machinery.*    BoiUeau  and  Lyon.    (60)  Oct 
Fuel  Gas  for  Internal  Combustion  Engines :  Notes  upon  ita  Generation  and  Uses.*    J. 

R.  Bibbins.    (10)  Oct 
Condensing  Plant:  Types  of  British  Condensers  and  Accessories.*    W.  H.  Booth.    (10) 

Serial  beginning  Oct. 
Important  Improvementa  in  Planer  Design,    (as)  Oct. 

*  Illustrated. 


CURBBNT  ENOINBERING   LITERATURE.  373 

Mechanical— (Contlntted) . 

The  Fuel  Brtquettlng  Industry:  the  Materials  of  which  Briquets  are  Made,  Binders, 

Fuel  Value,  Shapes  of  Briquets,  Processes  and  Machinery  Used.*   John  Fulton. 

(45)  Oct 
Lathe  Centers.*    Frank  Kleinhans.    (41)  Oct. 

The  PracUca)  Working  of  High-Speed  Steels.    Thomas  Beasley.    (41)  Oct. 
The  Giant  Establishment  of  M.  M.  Schneider  &  Co.,  in  France.*    L.  Kamakers.    (41) 

Oct. 
Oil  Burning  Furnaces.*    S.  Uren.    (Paper  read  before  the  Nat.  B.  B.  Master  Black- 
smiths' Assoc.)    (18)  Oct.  1;  Abstract  (15)  Sept.  80;  (jo)  Oct.  6. 
The  Construction  of  an  Indicating  or  Recording  Tin  Plate  Aneroid  Barometer.*    N. 

Monroe  Hopkins.    (19)  Oct.  1. 
Electric  Motors  In  Machine  Shop  Senrice.    ( 14)  Oct.  1. 
Retort  House  Practice  in  a  Small  Works.    George  C.  Turner.    (Paper  read  before  the 

Michigan  Gas  Assoc.)    (24)  Oct.  8. 
The  Practical  Handling  of  High  Speed  Steels,    (ao)  Oct.  6. 
Steel  CasUngs.    (ao>  Oct.  6. 
Proportions  of  the  Mechanical  Plant  of  the  North  American  Building,  New  York.* 

(14)  Oct,  8. 
Temperature  as  Applied  to  the  Production  and  Purification  of  Coal  Gas.*    V.  F.  Dewey. 

QPteper  read  btforethe  Michigan  Gas  Assoc.)    (ta)  Oct.  10. 
The  Formation  of  Naphthaline  in  Coal  Gas.    Alfred  H.  White  and  8.  Ball.    (Paper  read 

before  the  Michigan  Gas  Assoc. )    (24)  Serial  beginning  Oct.  10. 
L*£l6vateur-Transporteur  Extensible  Condor,  Employ^  k  la  Construction  de  THotel 

des  Postes  et  T%16graphe6  de  Gand;  Systeme  Ch.  van  Driessche.    (.30)  Aug. 
La  Fabrication  des  Chaines  sans  Soudure  par  le  ProcM6  Beige  du  LamJnage  Annulaire.* 

Eug.  Fran9ols.    (30)  Aug. 
Fonctionnement  de  la  Vapeur  Surchauff6e  dans  les  Machines  &  Pistons.*    F.  Richter. 

(37)    8«Pt. 
La  Force  Mot  rice  4  rEzpositlon  de  Saint  Louis :    Installation  des  G4n6rateurs  de 

Vapeur.*    L.  Piaud.    (33)  Sept.  8. 
iDStailatioDS  M6canlques  et  Frigoriflques  de  THOtel  Astor,  Ik  New- York.*    (33)  Sept.  10. 
Lee  Nouvelles  Usines  Call,  k  Denain  (Nord):  Soci6t6  Frangalse  de  Constructions  M6- 

canlques.*    D.  Dantln.    (33)  Serial  beginning  Sept.  84. 
La  Turbine  &  Vapeur  Zoell v.*    (33)  Sept.  24. 
fildvateurs  et  Grues  Electriquee.*    C.  Domar.    (36)  Sept.  SS. 
Los  Voltures  Peugeot.*    F.  Doubrey.    (36)  Sept.  26. 

MeUllurglcal. 

Sixth  Report  to  the  Alloys  Research  Ciommittee:  On  the  Heat  Treatment  of  Steel.* 
WUIiam  C.  Roberts-Austen  and  William  (towland.    (75)  No.  1, 1904. 

A  Crucible  Charge  for  Gold  and  Silver  in  Zinc  Ores.  E.  J.  Hall  and  E.  Popper.  (6) 
July. 

Methofis  of  Pyrometry.*    C.  W.  Waidner.    (58)  Sept. 

Confluit  System  of  Handling  Blast  Furnace  Stock.*  (From  Iron  Trade  Revietc.'s  (47) 
Sept.  8. 

The  Tube  Mill  in  the  Transvaal,    (la)  Sept.  9. 

The  Theory  of  the  Hot  Blast    A.  D.  Elbers.    (6a)  Sept.  15. 

Effects  of  Annealing  on  Steel  Rails.  Thomas  Andrews,  M.  Inst.  C.  E.,  and  Charles 
Ranald  Andrews.    (6a)  Sept.  22. 

Plg-Iron  in  its  Commercial  Aspects.  F.  M.  Thomas.  (Abstract  of  Lecture  before  the 
Birmingham  Metallurgical  Soc  )    (aa)  Sept.  28. 

Specifications  for  British  Foundry  Iron,    (aa)  Sept.  88. 

Modem  Blast  Furnace  Construction:  From  the  Drawing  Office  Point  of  View.  J.  G. 
Bay  ley.    (ao)  Sept.  29. 

Ore  Mills  at  the  Louisiana  Purchase  ExpositioD:  The  Working  Mills  and  Models  Ex- 
hibited by  California,  Utah  and  South  Dakota.*    (48)  Oct. 

The  Portland  Mill:  A  Description  of  the  Chlorination  Plant  of  the  Portland  Gold  Mining 
Co.,  at  Colorado  Springs,  Colo.  F.  A.  Thomson  and  S.  L.  Goodale.  (43)  Serial  be- 
ginning Oct. 

Influence  of  Tempering  on  the  Electric  Resistance  of  Steel.  H^Le  Chatelier.  (Paper 
read  before  the  Acad6mie  des  Sciences.)    (19)  Oct.  1.  * 

The  Determination  of  Carbon,  with  Special  Reference  to  the  Stability  of  Carbon  Com- 
pounds in  Steel.*    James  A.  Aupperle.    (ao)  Oct.  6. 

Chlorine  in  Metallurgy.  James  Swinburne.  (Abstract  of  Paper  read  before  the  Inter- 
national Electrical  Congress. )    (13)  Oct.  6. 

La  Fabrication  du  Fer  et  de  PAcier  au  Four  Electrique.*    L.  Gautier.    (34)  Sept. 

Recherches  sur  les  Aciers  au  Titane  et  &  I'fitain.*    L6on  Guillet.    (33)  Sept.  17. 

MiliUry. 

Electrically-Operated  Submarine  Mines.*   Waldon  Fawcett.    (36)  Sept.  2. 
Electric  N&ht  Bights.*    (a6)  Sept.  9. 

Mining. 

Safngruards  in  Bituminous  Coal  Mining.    W.  E.  Fohl.    (38)  July. 
TJnd<«rground  Wire-Rope  Haulage.*    (aa)  Aug.  26. 

*  Illustrated. 
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MiBlog-(Coiitlnncd). 

Mine  Slcrnalliiig  by  Compremed  Air.*    ( aj)  Sept.  2. 

The  Applfcations  of  Blectricity  at  the  Plaxton  CoUlerieB.*    (73)  Sept.  0. 

Timber  and  Timbering.*    J.  H.  Batcheller.    (16)  Serial  beginning  Mpt.  16. 

The  8  juth  WUkes-Barre  Colliery.*    (16;  Sept.  88. 

Improvements  at  the  Birley  Colfieries.*    (aa)  Sept.  88. 

Pillar  Workmg  in  BengaL,  India.    Qeo.  A.  Stonier.    (Paper  read  before  the  Inst,  of 

Hin.  Engra.)    (57)  Sept.  88. 
Oil-Engine,  Driven,  Pamping  and  Blectrio  Lighting  Plant  at  Syndale  Colliery.    Thos. 

Beach.     (Paper  reaa  before  the  National  Assoc,  of  Colliery   Managers.)     (as) 

Sept.  80. 
Large  Blasting  Operations  in  Slate  Quarries.*    (aa)  Sept.  80.  . 
The  Problem  of  Dynamic  Balance.    E.  H.  Roberton.    (Paper  read  before  the  Inst,  of 

Min.  Engrs.)    (57J  Sept.  80:  (aa)  Sept.  16. 
The  Henry  Colliery  of  the  Davis  Coal  A  Coke  Company:  A  Description  of  the  Plant  and 

the  Mechanical  Equipment.*   J.  F.  Uealy.    (45)  Oct. 
Suspension  des  C&bles  Blectrlques  dans  les  Mines.*    (34)  Sept. 

Mlsccilaaeons. 

The  National  Physical  Laboratory:  Recent  Researches  and  Future  Work.  R.  T. 
Glazebrook.  (Abstract  of  Paper  read  before  the  British  Assoc,  for  the  Advance- 
ment of  Science. )    ( 73 )  Sept.  8. 

The  Outlook  for  Engineering  Education.  C.  Frank  Allen,  M.  Am.  Soc.  C.  E.  (Address 
before  the  Hoc.  for  the  Promotion  of  Eng.  Education.)  (40)  Sept  18;  Abstract 
(13)  Sept.  18. 

Municipal. 

A  Rolling  Lift  Road.*    (67)  Sept. 

The  Development  and  Importance  of  Fire  Calls  and  Alarms.  James  Sheppard,  A.  I.  E.  E. 

(Abstract  of  Paper  read  before  the  International  Fire  Service  Congress.)    (a6) 

Sept  88. 
Street  Lighting.    A.  S.  Hatch.    (Paper  read  before  the  International  Assoc,  of  Mun. 

Electricians.)    (60)  Oct. 

RsliroMl. 

High-Speed  Electric  Railway  Experiments  on  the  Marienf elde-Zossen  Line.*    Alexander 

Siemens,  M.  I.  E.  E.    (77)  Aui:.;  Abstract  (ax)  Oct. 
Sp^ial  Tools  in  the  Elkhart  Shops  of  the  L.  S.  AM.  S.  Ry.*    (39)  Sept. 
Report  of  Tsnk  Car  Committee,  M  C.  B.  Association.*    (39)  Sept.;  (15)  Sept.  88. 
Oleiirance  Reducing  Valve  Mechanism  and  Cylinder.*    (39)  Sept. 
Dinlng-Car  for  the  Great  Western  RaUway.*    <  1 1 )  Sept.  8. 
New  ''H^-Capaclty''  Freight  Wagons  of  the  Lancashire  and  Yorkshire  Railway.* 

Four-Cylinder  Compound  Locomotive.*    (la)  Sept.  0. 

The  Use  of  Electricity  on  tbe  North-Eastem  Railway  and  upon  Tyneside.*  Charles  H. 
Mens  and  William  McLellan.  ( Paper  read  before  tbe  British  Assoc,  for  the  Advance- 
ment of  Science.)    (la)  Sept.  9. 

The  Exhibit  of  the  '*Big  Four  Route"  at  the  St.  Louis  Exhibition.*  H.  W.  Hanbury, 
M .  Inst.  C.  E.    (11 )  Serial  beginning  Sept.  9. 

New  Type  of  Compound  Locomotive,  Adriatic  System,  of  Italy.*    (18)  Sept  10. 

Further  Use  of  Steel  and  Reinforced  Concrete  Ties.*    ( 18)  Sept.  10. 

German  High-Speed  Compound  Locomotive  at  the  St.  Louis  Exhibition.*    (13)  Sept.  16. 

Locomotive  Coaling  Staaon  for  the  Central  Railroad  of  New  Jersey.*    (15)  Sept  16; 


(40)  Sept.  18. 
eWest*     " 


The  Westinghouse  Automatic  Air  and  Steam  Coupler.*    (13)  Sept.  16;  (40)  Sept  18; 

(ax)  Oct. 
United  States  Standard  Postal  Car.*    (40)  Sept  18. 
Mallet  LooomotiTe,  St.  Louis  Ei^bitlon.*    ( la )  Sept  16. 
Henschel  Three-Cylinder  Compound  Locomotive.*    ( 40)  Sept.  16. 
The  Southern  Padflc  Flat-Bottom  Tieplate.    (40 )  Sept.  16. 
Rail  Fastenings.    A.  Morrison.    (Paper  read  before  the  RoadmAsters^  and  M.  of  W. 

Assoc.)    (40)  Sept  16;  Abstract  (15)  Oct.  7. 
Track  Improvements  and  Maintenance  Expenses.    E.  E.  R.  Tratman.    (Paper  read 

before  the  Roadmasters'  and  H.  of  W.  Assoc.)    (40)  Sept.  16. 
Modem  Looomotlres  at  the  St.  Louis  Exposition.*    C46)  Sept.  17. 
New  Deeicn  of  Superheater  for  LooomotiTee.*    (47)  Sept.  17. 
Effects  of  Annealing  on  Steel  Rails.    Thomas  Andrews,  M.  Inst.  C.  E.,  and  Charles 

Reginald  Andrews.    (6a)  Sept  88. 
Express  Passenger  Locomotive  for  the  London  and  South- Western  Railway.*    (11) 

Tbe  New  '*  High-Capacity  "  RoUingStock  of  the  Great  Central  Railway.*    (aa)  Sept  88. 

New  York  Terminal  Station  of  theTennsylvania.*    ( 15)  Sept.  88:  (46)  Oct  8. 

New  Passenger  and  Freight  Terminal  of  the  Toledo  Railway  s  Terminal  Company.* 


(15)  Sept  88. 

Concrete  Cross-Ties  on  the  Ulster  A  Delaware.*    (15)  Sept.  88;  (13)  Oct.  6. 
The  Sedalia  Shops  of  the  Missouri  Pacific*    (40)  Sept.  88. 

♦  lUustrated. 
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RAllnMd-(CoBtlntted). 

Boston  &  Maine  Ten- Wheelers.*    (i8)  Sept.  M. 

FiMaenffer  Car  Ventilation  System  of  the  Tennsy Ivania  R.  R.*    Charles  B.  Dudley.    ( i8) 

Serial  beginning  hept.  M. 
The  Passenger  Car  Ventilation  System  of  the  PennsyWania  Railroad.*    (14)  Sept.  84; 

(13)  Sept.  89;  (15)  Sept  80. 
A  New  System  for  the  Protection  of  Trains  by  Engine-Cab  Signals.*    Emile  Ouarini 

(19)  Sept.  81 
Rearrangement  of  Tracks  and  Station  Facilities  at  the  Union  Station,  St.  Louis,  Mo.* 

(13)  Sept.  89. 
Motor  Cars  as  Feeders  to  Railroads.    A.  Campiglio.    (From  Buttetin  of  the  Intema- 

national  Ry.  Congress.)    (15)  Sept.  80. 
The  Westinghouse  Automatic  Coupler,  Draw- Bar  and  Buffer  for  Railway  Work.*    (aa) 

Sept.  80 
Six-Coupled  Locomotiye  for  the  Pekin  Syndicate  Railways.*    (11)  Sept.  80. 
New  Locomotive  Works  in  Canada.*    ( la)  Sept.  80. 
New  Locomotives  for  the  Southern  Pacific*    1 15)  Sept.  80. 
The  Qanz  Three-Fhaee  Electric  RaUway  System.*    O.  Leve.    (15)  Sept  80. 
Lehigh  Valley  Shops  at  Sayre.*    (40)  Sept.  80. 
Wooden  Crosstiesin  Tropical  Climates.    F.  J.  E.  Spring,  M.  Am.  Soc.  C.  E.    (Abstract 

of  Report  to  be  presented  before  the  International  Ry.  Congress.)    (40)  Sept  80. 
The  Carter  Continuous  Track  Derail.*    (40)  Sept.  80. 

The  Development  of  the  Compound  Locomotive  in  England.*    W.  E.  Dalby.    (9)  Oct 
Siz-Coupled  Passenger  Locomotive,  Boston  &  Maine  Riaihpoad.*    (35;  Oct 
Steam  Motor  Cars:  Great  Central  RaOway.*    (ai)  Oct. 
Electrical  Motor  Truck:  North  Eastern  Railway.*    (ai)  Oct. 
The  Adlake  Acetylene  Car  Lighting  System.    Ed.  L.  Lang  worthy.    (Abstract  of  Paper 

read  before  the  Southern  and  South  Western  Ry.  Club.)    (ai)  Oct 
Snd  Class  CSarrlages:  Belgian  State  RaUways.*    (ai)  Oct. 
Uniform  Code  of  Signalling  by  Detonators,    (ai)  Oct. 

8  Coupled  or '' Consolidateo ''  Engines:  JaiMmese  Imperial  Government  Rs.*    (ai)  Oct 
90-Ton  4- Wheeled  Hopper  Wacron:  Great  C^entral  Railway.*    (ai)  Oct 
Express  Passenger  Engines  (4-4-^  Outside  Cylinders  (Jlaas):  Great  Western  Railway.* 

(ai)  Oct 
Impressions  of  Foreign  Railroad  Practice,    (as)  Serial  beginning  Oct. 
New  Locomotive  and  Car  Shops,  McKees  Rocks,  Pa.,  Pittsburg  &  Lake  Erie  Railroad: 

Blacksmith  Shop  Equipment*    (as)  Oct. 
Plstcn  Valves  with  Relief  Plates,  Pennsylvania  Railroad.*    (as)  Oct. 
The  Cross-Compound  Locomotive:  Distribution  of  Power.*    W.  L.  Kinsell.    (ag)  Oct. 
The  New  York  Improvements  of  the  New  York,  New  Haven  &  Hartford  Railroad.      ( 14) 

Oct.  1. 
Standard  Tunnel  Plans,  New  York  Central  R.  R.*    (18)  Oct.  1. 
The  Locomotive  Exhibits  at  the  St  Louis  Exhibition.*    (13)  Oct.  6. 
Controlled  Manual  Block  Signals:  Illinois  Central.*    (40)  Oct  7. 
Trolleys  and  Hoists  in  Railway  Shops.*    (40)  Oct.  7. 
Progress  on  the  Washington  Tunnel.*    ( 15 )  Oct.  7. 
Special  Horse  Car  lor  the  Ontral  Railroad  of  New  Jersey.*    (15)  Oct.  7;  (40)  Oct.  7; 

ii8»  Oct  8. 
Tie  Plates.    ( heport  by  Com.  Roadmasters*  and  M.  of  W.  Assoc.)    (is)  Oct.  7. 
New  Locomotives  and  Motor  Cars  for  the  Paris-Orleans.*    (15)  Oct.  7. 
Improvements  on  the  Philadelphia,  Baltimore  and  Washington.*    ( 15)  Oct.  7. 
Tank  Suburban  Engine— Longlsland  Railroad.*    (18)  Oct  8. 

Le  Chemin  de  Fer  Metropolitan  de  Paris.*    J.  Hervieu.    (35)  Serial  beginning  Sept. 
Rupture  des  Tubes  Indlcateurs  de  Niveau  d'Eau,  Dispositions  Adopt6es  k  la  Compagnie 

du  Nord  pour  Mettre  le  Personnel  des  Locomotives  k  TAbri  aes  Accidents  Qui  en 

R68ultent*    M.  Defauconpret    138)  Sept. 
Le  Tramway  dlectrique  du  Mont-Blanc:  Section  du  Fayet-Saint-Gervais  &r Aiguille  du 

Ghiiiter.*    G.  Espitallier.    (33)  Sept  8. 
Les  Grandes  Vitesses  sur  les  Chemins  de  Fer.*    R.  Bonnin.    (36)  Sept.  iO. 
Les  Nouvelles  Locomotives  Compound  du  Chemin  de  Fer  de  Ceinture,  k  Paris.*    F. 

Barbier.    (33)  Sept.  10. 
Le  FuDiculaire  de  la  Bourboule  (Puy-de-Dome).*    A.  Dumas.    (33)  Sept.  17. 
Le  Saturateur  A.  Heintz  pour  le  Chauffage  par  la  Vapeur  sans  rt  eseaon.*    L.  Broese- 

ment.    (36)  Sept.  85. 

Railroad,  Street. 

Pre^nt  EII»H!tric  Railway  Practice.    Clarence  Renshaw.    (58)  July. 

Mersey  Railway:  Multiple  Control.*    H.  L.  Kirker.    (77)  Aug. 

The  Best  Form  of  Current  for  Light  Railways.    M.  Pforr.    (Abstract  of  Paper  read 

before  the  International  Union  of  Tramways  and  Light  Rys.)    'a6)  Sept.  2. 
Side-Slip  In  Motor-Cars.*    Horace  Darwin  and  C.  V.  Burton.    (Paper  read  before  the 

British  Assoc,  for  the  Advancement  of  Science. )    (.11)  Sept.  0. 
North  Metropolitan  Electric  Power  Supply  and  Tramways.*     (a6)  Serial  beginning 

Sept  0 
A  New  Sub-Station  on  the  Central  London  Railway.*    (73)  Sept.  9. 
A  New  American  Single-Phase  Motor.*    (73)  Sept.  9. 

*  Illustrated. 
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RallroMi,  StrMt-(Coiitlnacd) 

Single-Phase  Railway  Motors  oL -^  — - 

An  American  Sinsrle-Phase  Railway.*    (47)  8ept  10. 


Single-Pliase  Railway  Motors  of  the  Oerlikon  Company.*    (73)  Sept.  9. 

An  American  Sinsrle-Phaae  Railway.*    (47)  Sept  10. 

History  and  Physical  Aspects  of  the  New  Yorlc  Subway.*    (15)  Sept.  10. 


Traffic  Features  of  the  Subwav.*    ( 15 )  Sept.  16. 
Signaling  in  the  Subway.    ( 15)  Sept.  16. 

The  Power  Equipment  of  the  New  Yorlc  Subway.    (10)  Sept.  16. 
'     *  '     •       •  -•       -    •  ■  -  —     •  ■    -  Systemi 


Tests  of  the  Insulation  Resistance  of  Electric  Tramway  systems  and  Maintenaooe  of 

the  Trolley  Win*.    ( 17 )  Sept.  17, 
The  Dayton,  Corington  &  Plqua  Traction  Company.*    (I7>  Sept.  17. 


the  Trolley  Win*.    ( 17 )  Sept.  17, 

e  Dayton,  Corington  &  Plqua  Traction  Company.*    (17)  Sept. 
A  Trolley  for  Heavy  Multiple-Unit  Electric  Trains.*   Herbert  1.  Bennett.    (46^  Sept.  17. 


Notes  on  the  Work  of  the  Electric  RaUway  Test  Commission.*    WiU  Spalding.  (7a) 

Sept.  20. 
Hydiaulics  in  Connection  with  Electric  Railway  Work.    B.  E.  Morrow.    (7J)  Sept.  90. 
Thlrd-Raa  System  of  the  Scioto  Valley  Traction  Co.,  Columbus,  Ohio.*    (7a)  Sept.  90. 
The  Fayet-Cnamonlz-Martigni  Electric  Ry.*    Enrico  Bignami.    (7a)  Sept.  90. 
Power  Facilities  and  Car  House  Practice  Followed  by  the  Public  Service  Corporation 

(of  New  Jersey. )    (ja)  Sept.  90. 
Mill  Construction  Car  Houne  and  Office  at  Bristol.*    (7a)  Sept.  90. 
Notes  on  the  Power  Stations  of  the  St.  Louis  Transit  Co.*    Richard  M'Culloch.    (7*) 

Sept.  90. 
McKlnley  Syndicate  Properties  of  Central  Illinois.*    (7a)  Serial  beginning  Sept.  90. 
Maintenance  of  Electric  Cars  and  Their  Equipment.    H.  A.  Benedict.    (Aostract  of 

Paper  read  beiore  the  St.  Ry.  Assoc,  of  the  State  of  N.  Y.)    (7a)  Sept.  90. 
Block  Signaling  of  Electric  Railways  with  Track  Circuit  Control.     J.  B.  Struble.    (Paper 

read  before  the  St.  Ry.  Assoc,  of  the  State  of  N.  Y.)    (7a)  Seot.  90  ( 17)  Sept.  94. 
Vestibule  Cars  for  ChlcMO  .Metropohtan  Elevated.*    (7a)  Sept.  90. 
Hadfleid'8  Special  Steel  Track-Work.*    (11)  Sept.  28. 
South  London  Conduit  Tram  Lines.*    (la)  Sept.  28. 

New  Terminal  Facilities  at  the  Minnesota  State  Fair  Grounds.*    (17)  Sept.  24. 
Power  Production  and  Distribution  on  the  Metropolitan  Street  Railway  System,  New 

York.    M.  G.  StarreU.    (Paper  read  before  the  N.  Y.  State  St.  Ry.  Assoc.)    (14) 

Sept.  94;  (17)  Sept.  91. 
Cars:  Their  Equipment  and  Maintenance  (on  the  Nottingham  System).  John  Aldworth. 

(Paper  read  before  the  Municipal  Tramways  Assoc,  of  Great  Britain.)    (73)  Sept. 

80;  Abstract  (a6)  Sept.  80. 
Steel  Cars  for  the  New  York  Subway.*    (15)  Sept.  80:  (as)  Oct. 
High-Speed  Electric  Interurban  Systems  for  Freight  and  Passengers.*    Ralph  Scott. 

(Q)  Oct. 

The  Power  House  of  the  Subway  Division,  Interborough  Rapid  Transit  Co.,  New  York.* 

(14)  Serial  begmning  Oct.  1. 
Passenger  Stations  and  Engineering  Details  of  the  New  York  Subway  System.*    (17) 

Oct.  1. 
Ctoneral  Design  and  Finish  of  the  Modem  Interurban  Car.*    Edward  C.  Boynton.    (17) 

Oct.  1. 
New  Form  of  Sprague-Geoeral  Electric  Automatic   Relay  Train  Control  for  Boston 

Elevated  Railway.*  (17)  Oct.  1 . 
Power  Used  by  Brakes.  ( 17)  Oct.  1. 
Signals  in  the  Subway.*    (15)  Oct.  7. 

Some  Early  Electric  Railway  (Generators.*    A.  L.  Rohrer.    (ay)  Oct.  8. 
Underground  Rapid  Transit  in  New  York  City.*    (ay)  Serial  beginning  Oct.  8. 
Viaduct  Erection  on  Section  10,  New  York  Rapid  Transit  Railroad.*    (14)  Oct.  8. 

Sanitary. 

Centrifugal  Fans  and  Their  Application  to  the  Heating  of  Industrial  Buildings.    R.  B. 

Haynard.    (58)  June. 
French  Heating  Methods.*    G.  Debesson.    (70)  Sept. 

The  Ventilation  of  Retort  Houses.    Alfred  Lotz.    (70)  Serial  beginning  Sept. 
The  Rik er's  Island  Refuse  Conveyor  Plan t.*    (14)  Sept.  1 7. 
Refuse-Consuming  and  Gas-Producing  Furnace.*    (47)  Sept.  94. 
Reinforced  Ck>ncrete  Sewers  in  Wibnlngton,  Del.*    (60)  Oct. 
Sewage  System  for  Minincr  Town.*    F.  A.  Coleman.    (45)  Oct. 
Sewage  Furiflcation  Works  under  Construction  at  Mlnworth  Greaves,  England.    (14) 

Oct.  K. 
Experiments  in  Purifying  Brewery  Refuse.    (14)  Oct.  8. 
Cleaning  the  Ponds  in  a  Boston  Park.    (14)  Oct.  8. 
The  Ventilation  of  the  Hotel  Astor,  New  York. *    ( 14)  Oct.  8. 
L^Humidiflcatlon  des  Locaux  de  Tlndustrie  Textile.*    Paul  Razous.    (33)  Sept.  17. 
Cbauffage  &  Eau  Chaude,  k  Circulation  P6riodique  ou  Continue,  Systdme  Rouquand.* 

A.  Monteilhet.    (33)  Sept.  94. 

Struct  ural. 

Preliminary  Report  of  the  Conmiittee  on  the  Uniform  Analysis  of  Cement  and  Cement 
Materials,  w.  B.  Newberry,  Richard  E.  Meade,  and  Ernest  B.  McCready.  (Paper 
read  before  the  Amer.  Chem.  Soc.)    (67)  Aug. 

*  lUustrated. 
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Stractural— (Continued). 

The  Twenty-four  Hour  Test  (of  Cement).    P.  O.  Krottnaurer.    (67)  Aug. 

A  UniTeraal  Testing  Machine  of  800  Tons  for  Full-sixed  Structural  Members.*   J.  H. 

Wicksteed,  M.  Inst.  M.  £.    ( Paper  read  before  the  British  Assoc,  for  the  Advancement 

of  Science.)    (la)  Sept.  2;  (n)  Sept.  2;  (47)  Sept.  17. 
The  Fracture  of  Structural  Steel  under  Alternating  Stresses.*     John  Oliver  Arnold. 

(Paper  read  before  the  Hritish  Assoc,  for  the  Advancement  of  Science.)    (la)  Sept. 


2;  (47)  Sept.  24. 
Plate  Ourder  Webs,    (la)  Sept.  9. 


The  Power  Plant  of  Tall  Office  Buildings.    (a6)  Serial  beginning  Sept.  16. 

Notes  on  Fireprooflng  City  Buildings.     Peres  M.  Stewart.    (Abstract  of  Paper  read 

before  the  Intemationai  Assoc,  of  Fire  Engrs. )    (13)  Sept.  28. 
Stresses  in  Thin  Cylinders  Subjected  to  Internal  Pressure.*     A.  T.  Weston,     (la) 

Sept.  28. 
Preservative  Coatings  for  Iron  and  Steel.    (15)  Sept.  88. 
Imperial  Works  of  the  Oil  Well  Supply  Co.,  Oil  City,  Pa.*    (14)  Sept.  24. 
Replacing  Girders  in  a  Lower  Story  of  a  Righ  Office  Building.*    ( 14 )  Sept.  24. 
Concrete  Pile  Foundations  at  Wasnington  Barracks,  D.  C*    John  Stephen  Sewell.   (14) 

Sept.  24. 
Modem  Blast  Furnace  Construction:  From  the  Drawing  Office  Point  of  View.    I.  O, 

Bay  ley.    (ao)  Sept.  29. 
The  Shrinkage  and  warping  of  Timber.*    Harold  Busbridge.    (From  Technics.)    (19) 

Oct.  1. 
A  Novel  Method  of  Plumbing  a  Chiomey  During  Construction.    F.  M.  Ck>odhue.    (13) 

Oct.  6. 
Concrete  Pile  Wall  Foundations.*    (14)  Oct.  8. 

Fire- Resisting  Construction  in  the  Butterick  Building,  New  York.*    (14)  Oct.  8. 
Resistance  des  Mortiers  Hydrauliques  k  la  Mer.    dmile  Camerman.    (30)  Aug. 
Comparison  des  Pouvoirs  Couvrants  du  Blanc  de  Zinc  et  de  la  Cdruse.    (93)  Sept.  8. 
Des  Efflorescences  Blanches  et  dee  Taches  Rouges  dans  les  Produits  de  Bailments. 

Alexandre  Girard.    {36)  Sept.  26. 

Topographical. 

Monuments  for  Surveys.    J.  C.  Herring.    (60)  Oct. 

The  Completion  of  the  Longitude  Girdle  of  the  Globe:  Determination  of  the  Difference 
in  Longitude  Between  San  Francisco  and  Manila.    Edwin  8mith.    (13)  Oct.  6. 

Water  Supply. 

Contract  and  Specifications  for  Furnishing  Cast-Iron  Water  Pipes  and  Special  Cast- 
ings.   <a8)  Sept. 

The  Puget  Sound  Power  Company.*    (la)  Serial  beginning  Sept.  2. 

Electricity  from  Water- Power.  A.  A.  Campbell  Swmton.  (Paper  read  before  the  Brit- 
ish Assoc,  for  the  Advancement  of  Science.)  (a6)  Sept.  2;  (73)  Sept.  2;  (47)  Sept. 
10;  Abstract  (la)  Sept.  2. 

Nile  Irrigation.*    Hanbury  Brown.    (la)Sept.  9. 

The  Northern  California  Power  Company's  Systems.*    (ay)  Serial  beginning  Sept.  10. 

The  Maintenance  Organisation  on  the  Bay  Counties  Power  Co.'s  Works.*    (14)  Sept.  17. 

Diagram  Giving  Discharge  of  Pipes  by  Kutter's  Formula.*  John  H.  Gregory.  (14) 
Sept.  17. 

The  Wood-Stave  Conduit  of  the  Atlantic  City  Water- Worlcs.*    ( 14)  Sept.  17. 

The  Irrigation  Works  of  the  Modesto  and  Turlock  Districts,  Cal.*  (14)  Serial  begin- 
ning Sept.  17. 

Government  Drainage  Investigations  In  Connection  with  Irrigation.    (14)  Sept.  17. 

The  Supervisory  Control  of  Water  Supplies  in  Great  Britain.    James  Robert  Kaye. 


(Paper  read  before  the  Sanitary  Inst,  of  Great  Britain.)    (14)  Sept.  17. 
ASo-Called  Rusting  Tank  for  Producing  a  Coagulant  for  Water  Purification.    (13) 

Sept.  28. 
A  Proposed  Earth  Dam  with  a  Steel  Core  and  a  Reinforced  Concrete  Spillway  at  Ells- 
worth, Me.*    J.  A.  Leonard.    (13)  Sept.  22. 
Air  Lift  Pumps.*    W.  H.  Booth.    (a6)  Sept.  28. 
The  Three-Phase  40,000- Volt  Power  Transmission  from  Gromo  to  Nembro  (Lombardia).* 

(a6)  Sept.  28. 
Completing  the  New  Croton  Dam.*    (46)  Sept.  24. 
The  Open  Sand  Filters  for  the  Providence  Water- Works.*     (14)   Serial  beginning 

Sept.  24. 
Copper  Sulphate  Treatment  of  Lakes  Clifton  and  Montebello,  Baltimore  Water- Works. 

Alfred  M.  (^ick.   Ii4)  Sept.  24;  (13)  Sept.  29. 
ThePuyallup  River  Water  Power  Development  near  Tacoma,  Washington.*    (13) 

Sept.  29;  (14)  Oct.  1;  (ay)  Serial  beginning  Oct.  1. 
A  New  Sinking  Pump.*    (la)  Sept.  80. 
The  Water  Supply  of  Modem  City  Buildings.    Wm.  Paul  Gerhard,  Mem.  Am.  Soc. 

M.  E.    (10)  Serial  b^inning  Oct. 
A  Concrete-Steel  Tower  for  a  water  Tank.    (14)  Oct.  1. 
The  New  Water  Supply  of  Troy,  N.  Y.*    William  G.  Raymond.    (13)  Oct.  6. 

*  Illustrated. 
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Water  Sopply— (Continued). 

The  New  Charles  Riyer  Dam  and  Basin  at  Boston,  Mass.*   J.  Albert  Hohnes.    (13) 

Oct.e. 
fiapladnff  the  Earth  Portion  of  the  New  Croton  Dam  by  Masonry.*    (13}  Oct.  6. 
The  Works  of  the  Ontario  Power  Company  of  Niagara  Falls.*    (14)  serial  beginning 

Oct.  8. 
Diagram  Oiving  Dimensions  of  Conduits  of  Equal  Capacity.*    (14)  Oct.  8. 
L'Utilisation  Rationelle  des  Boues  des  Eaux-vannes  et  Industriellee.*    M.  Duyk.    (30) 

Aug. 

ept.  10. 


Fompe  A  R6gulateur8  Automatiquee  de  D6blt  Systdme  Daubron.*    Q.  Carle.    (33) 


Waterways. 

The  Peterborough  Hydraulic  Lift  Locks  on  the  Trent  Canal,  Ontario.*   J.  M.  Bulkley. 

Sawing  OffHles  below  Water.*    (14)  Oct  8. 

Lee  dtablissements  Marttimes  de  la  VlUe  d'Anvers  et  Leurs  Diverses  Extensions.*   G. 

Royers  and  Fr.  de  Winter.    (30)  Aug. 
Note  sur  la  Transformation  du  Canal  de  Koanne  4  Digoln.*    M.  Maxoyer.    (35)  Sept. 

*  Illustrated. 


Vol.  XXX.  OCTOBER,  10O4.  No.  8. 


AMEEIOAN  SOCIETY  OF  CIVIL  ENGINEEES. 

INSTITUTED    186  8. 


PAPERS  AND  DISCUSSIONS. 

This  Society  Is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


CONTENTS. 


Some  Notes  on  the  Creeping  of  Rails. 

Bt  Msbsrs.  G.  LmDiENTHAL,  W.  M.  Camp,  F.  S.  Stevens,  Hunter  McDon- 
*  ALD,  P.  H.  Dudley  and  Qeorgb  Tatnall 740 

Theory  and  Formulas  for  the  Analytical  Computation  of  a  Three-Span  Sus- 
pension Bridge  with  Braced  Cable. 
Bt  f.  P.  Churoo,  Assoc.  Am.  Soo.  C.  E 786 

A  Rational  Form  of  Stiffened  Suspension  Bridge. 

Bt  Messrs.  W.  Hildenbrand,  Joseph  Mater,  R.  S.  Buck  and  W.  W. 

Crehorb 780 

The  Installation  of  a  Pneiunatic  Pumping  Plant. 

BtEuio  Q.  Harris,  M.  Am.  Soc.  C.  E. 781 

Memoir : 

Gborob  Curtis  Tinqlet.  M.  Am.  Soc.  C.  E 790 


Vol.  XXX.  OCTOBER,  1904.  No.  8. 


AMEBIOAN  SOOIETT  OF  CIVIL  ENGmEEfiS. 

INSTITUTED    1852. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in  any  of 

Its  publications. 


SOME  NOTES  ON  THE  CEEEPING  OF  RAILS. 
Discussion.* 


Bt  Messbs.  G.  Lindemthal,  W.  M.   Camp,  F.  S.  Stevens,  Hunter 
McDonald,  P.  H.  DuDiiBT  and  Gbobge  TATNALii. 


Mr.  linden-  OusTAV  LiNDENTHAii,  M.  Am.  Soc.  0.  E.  (by  letter). — This  subject 
^^*^  has  been  of  much  interest  to  the  writer  for  many  years,  particularly  in 
connection  with  track  over  bridges,  and  has  led  him  to  an  investiga- 
tion of  the  creeping  of  raUs,  generally,  and  the  formulation  of  a  ^ 
theory,  which  he  published,!  and  from  which  he  desires  to  quote  as 
follows: 

''  As  is  well  known,  rails  creep  in  the  direction  of  the  traffic, 
whether  up  grade  or  down  grade.  On  single  track,  rails  cre^p  m  the 
direction  of  heavier  tra£Sc;  otherwise  they  creep  down  grade. 

''  The  force  with  which  a  track  is  creeping  seems  almost  irre- 
sistible. Notching  the  rail  base  for  the  spikes  was  one  of  the  means 
employed  to  stop  it.  But  the  spikes  were  gradually  sawed  into,  pulled 
out  or  sheared  off  by  the  creeping  rails.  Later,  when  the  practice  of 
notching  was  given  up,  because  steel  rails  were  apt  to  break  at  the 
notched  places,  spiking  of  the  angle  bars  at  the  rail  joints  was  resorted 
to.  Special  angle  brackets  or  straps  bolted  to  the  rail  between  joints 
are  also  used.     But  all  in  vain. 

**  Several  explanations  have  been  given  for  the  phenomenon,  but 
none  accounts  for  all  its  peculiarities  satisfactorily.  My  own  view  is 
that  creeping  is  caused  by  the  push  of  the  rolling  friction  of  the  wheels 

*Thi8  discussion  (of  the  paper  by  Scunuel  Tobias  Wagner,  M.  Am.  Soc.  C.  £.. 
printed  in  Ptoceedingg  for  May,  1904 ),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  bofore  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  November  96th,  1904,  will  be  pub- 
lished subsequently. 

t  RaUroad  GageUe,  September  29tb,  1899. 
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on  the  rails.  If,  for  illnstration,  we  imagine  the  cars  monnted  on  Hr.  Linden- 
skids  instead  of  wheels,  the  creeping  would  be  greater  in  the  propor-  ^^* 
tion  as  sliding  friction  is  greater  than  rolling  friction.  The  drivers  of 
the  locomotives  are  the  only  wheels  exerting  a  pull  on  the  rails,  which 
for  the  time  being  are  pinned  down  and  so  cannot  move.  The  pull  is 
transmitted  by  friction  through  the  ties  to  the  ballast  and  earth  under- 
neath, the  whole  forming  an  anchorage — but  a  traveling  anchorage — 
always  located  under  the  locomotive,  whether  pulling  by  adhesion,  or 
through  cog-wheels  on  a  rack  rail. 

'*  All  other  wheels  behind  the  locomotive  exert  a  push  on  the  rails 
through  rolling  friction  in  the  direction  of  the  train. 

**  The  coefficient  of  rolling  friction  varies  with  the  velocity  of  the 
train  from  nearly  one  per  cent,  for  slow  velocities  to  four  per  mill  for 
trains  at  and  over  30  miles  per  hour.  It  also  varies  on  curves.  The 
average  value  for  fast  trains  on  tangents  and  curves  may  be  assumed 
for  illustration  at  5  per  mill.  A  car  wheel  loaded  with  10  000  lbs.  will 
thus  exert  a  push  of  50  lbs.  on  the  rail. 

**  As  the  friction  between  the  loaded  rail  and  the  ties —disregarding 
the  holding  power  of  the  any  way  imperfectlv  fitting  and  usually  loose 
spikes— is  at  least  30  times  greater  than  the  rolling  friction  of  the 
wheels,  the  rail  could  not  possibly  move  or  creep  under  a  smoothly 
rolling  load. 

*'  But  the  wheels  do  not  roll  smoothly  and  moreover  they  do  not  roll 
over  continuous  rails.  The  rails  are  in  lengths  from  30  to  60  ft. ,  with 
space  between  the  ends  for  expansion.  The  wheels  get  upon  each  rail 
length  suddenly,  and  instead  of  a  quiet  push  or  a  static  force  of  50 
lbs.  per  wheel,  there  is  a  horizontal  blow  or  a  dynamic  force,  the  effect 
of  which  increases  as  the  square  of  the  velocity  of  the  train. 

**  It  should  be  understood  that  this  horizontal  blow  is  not  caused 
by  the  depression  of  the  rail  ends  or  by  the  space  left  for  expansion 
between  them,  although  both  these  features,  when  they  exist,  un- 
doubtedly augment  its  force.  It  is  unavoidable  with  the  smoothest 
and  any  kind  of  rail  joint  (including  the  joint  in  which  the  outside 
^  splice  bar  carries  the  wheels  over  the  rail  ends)  because  the  longitudi- 
nal strain  is  set  up  suddenly  in  each  rail  length,  and  cannot  be  trans- 
mitted to  the  next  rail,  unless  the  rail  ends  were  tightly  pressed 
together,  equivalent  to  a  continuous  rail. 

**  Taking  40  miles  per  hour,  a  usual  speed  for  fast  freight  trains, 
equal  to  60  ft.  per  second,  the  impact  from  the  rolling  friction  of  the 
wheel  will  be  50  x  60*=  180  000  foot-pounds,  which  in  effect  is  the 
same  as  if  an  iron  ram,  weighing  one  ton,  would  hit  the  end  of  the  rail 
with  a  velocity  of  9^  ft.  per  second.  The  car  wheels  being  spaced  5  to 
20  ft.  apart,  will  deliver  upon  the  receiving  end  of  a  30-ft.  i-ail  from  3 
to  6  such  blows  per  second.  If  the  rail  is  not  rigid  and  smooth,  if,  on 
the  contrary,  by  reason  of  defective  or  yielding  supports,  it  deflects 
and  by  its  resilience  causes  the  whof- Is  to  rebound  and  ricochet,  so  that 
they  no  longer  roll  with  uniform  pressure,  then  each  wheel  will  hit 
the  rail  as  many  additional  horizontal  blows  as  it  makes  jumps  or 
rebounds.  A  rebound  every  few  feet  is  an  ordinary  occurrence  on 
spiked  track.  A  30-ft.  rail  may  thus  receive  from  30  to  60  glancing 
blows  per  second,  and  from  a  train  of  40  cars  a  total  of  1  500  to  3  000 
blows,  varving  in  effect  from  a  few  foot-pounds  to  180  000  and  moiB 
per  blow,  lengthwise  with  the  rail  and  in  the  direction  of  the  train. 

*'  With  this  explanation  it  is  not  difficult  to  understand  why  the 
creeping  should  seem  irresistible,  the  rails  shearing  off  spikes  and 
bolts  and  wandering  up  steep  grades.     In  principle,  to  make  it  plain. 
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Mr.  Linden-  it  is  the  same  dynamic  effect  with  which  the  blows  from  a  10-Ib.  ham- 
thai.  jQ^f  yf^  suffice  to  overcome  the  friction  (of  over  5  000  lbs.)  of  a  rail 
spike  in  an  oak  tie. 

**  A  rail  may  be  held  down  by  spikes  and  by  the  moving  loaded 
cars,  but  it  will  nevertheless  be  displaced  by  their  dynamic  effect  in 
the  manner  stated. 

*'  Each  rail  moves  individually  and  independent  of  the  adjacent 
rails.  The  play  left  for  expansion  at  the  joints  facilitates  the  creeping. 
There  could  be  no  creeping  with  a  continuous  rail. 

*^  All  observed  facts  can  now  be  satisfactorily  explained.  There  is 
no  creeping  in  switch  yards  or  on  side  tracks,  on  which  trains  move 
slowly  and  in  opposite  directions.  Compared  on  the  basis  of  ton- 
mileage,  the  rate  of  creeping  is  greater  on  tracks  for  fast  trains,  and 
with  snort  or  light  flexible  rails,  and  un  poorly  ballasted  and  yielding 
foundations.  Every  cause  which  induces  or  increases  rebounding  of 
the  wheels  (as  poor  rail  joints)  will  increase  creeping. 

*'  On  down  grades,  where  the  locomotive  is  not  pulling,  the  effect 
of  its  wheels  will  be  added  to  that  of  the  car  wheels,  and  on  that  ac- 
count and  bv  reason  of  the  greater  velocities  on  down  grades,  the 
creeping  wilf  be  greater.  So  also  the  outside  rails  on  curves  creep 
faster  than  the  inside  rails,  because  exposed  to  greater  pressure  and 
friction,  causing  harder  glancing  blows." 

Those  who  are  interested  in  the  subject  may  follow  the  writer's 
article  further  on  the  remedy  for  creeping,  etc. 

The  only  correction  that  the  writer  would  make  in  the  foregoing 
citation  is  in  the  coefficient  of  rolling  friction.  Five  per  mill  is  prob- 
ably true  enough  for  rough  defective  track;  on  first-class  track,  with 
100-lb.  rails,  the  rolling  friction  between  wheel  and  rail  may  be  only 
one-tenth  as  large.  Data  on  rolling  friction  are  still  unreliable  and 
divergent;  but  with  poor  rail  joints,  leaving  the  receiving  rail  and 
sticking  up  like  a  step,  it  will  receive  something  more  than  a  glancing 
blow.  The  assumption  of  5  per  mill  rolling  friction,  in  such  case,  will 
not  require  reduction. 

The  explanation  of  creeping,  cited  by  Mr.  Wagner  from  Camp's 
"Notes  on  Track,"  that  the  principal  cause  is  **the  wave  motion  in 
the  rails  set  up  by  moving  trains,"  is,  in  view  of  the  foregoing,  as 
little  satisfactory  as  would  be  the  explanation  for  the  progress  of  the 
locomotive  being  caused  by  crank  motion.  It  stops  too  far  away  from 
the  primary  cause,  which  is  of  a  dynamic  nature.  If  the  rails  consisted 
of  discontinuous  high  stiff  girders  on  solid  continuous  bearings,  as, 
for  instance,  on  longitudinal  concrete  beds,  which  construction  could 
not  be  subject  to  wave  motion,  there  would  still  be  creeping  of  rails, 
although  at  a  diminished  rate.  As  long  as  rails  may  move  on  their 
bearings  from  temperature  changes,  so  long  they  may  move  from  the 
rolling  friction  of  the  wheels,  which  is  the  explanation  for  creeping, 
as  stated  above. 
Mr.  Camp.  W.  M.  Camp,  M.  Am.  Soo.  C.  E.  (by  letter).— This  paper  takes  up 
an  old,  though  timely,  subject.  The  misadj  ustments  in  track  cauced 
by  creeping  rails  cannot  be  considered  new  experience.     They  have 
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been  a  source  of  trouble  to  trackmen  since  the  early  days  of  railroad-  Mr.  Camp, 
ing,  to  a  greater  or  less  extent;  and,  while  the  causes,  perhaps,  may 
be  more  widely  understood  at  the  present  time  than  was  the  case  a 
generation  ago,  there  still  remain  some  things  to  learn  concerning  the 
phenomena  of  rail  movements  under  traffic,  in  order  to  seek  intelli- 
gently the  most  effective  means  or  methods  of  prevention.  As  the 
creeping  action  is  always  more  pronounced  on  double,  than  on  single, 
track,  other  conditions  being  the  same,  the  subject  gains  importance 
with  time,  owing  to  increase  in  the  mileage  of  second  track;  and 
increase  in  the  weight  of  rolling  stock  is  another  cause  which  aggra- 
vates the  trouble. 

Although,  in  years  past,  there  has  been  considerable  discussion  of 
rail  creeping  and  the  conditions  responsible  for  it,  yet  the  subject  was 
seldom  or  never  investigated  with  that  thoronghness  which  is  char- 
acteristic of  engineers  when  setting  out  to  overcome  difficulties. 
Therefore,  it  is  a  matter  of  no  little  satisfaction  that  Mr.  Wagner  has 
collected  exact  measurements  and  other  data  of  rail  creeping,  in  con- 
nection with  careful  observations  of  the  attending  conditions.  It  is 
only  through  the  publication  of  such  results,  and  discussion  of  the 
whole  question  from  varied  lessons  of  experience,  that  the  problem 
can  be  thoroughly  comprehended. 

The  records  found  in  this  paper,  while  not  exhibiting  extreme 
cases  of  rail  movement,  nevertheless  present  a  variety  of  conditions 
and  afford  good  opportunity  for  studying  the  subject.  The  greatest 
movement  seems  to  have  been  at  Bethayres,  on  the  New  York  Branch, 
and  at  **  Head  of  Grade,"  on  the  Frackville  Branch.  At  the  former 
point  the  movement  was  3}  in.  in  the  south  rail  of  the  east-bound 
track,  in  the  direction  of  the  traffic,  in  a  period  of  4  months  and  9 
days;  in  the  north  rail  of  the  same  track  the  movement  was  2f  in. 
during  the  same  time. 

The  difference  in  movement  between  the  two  rails  of  the  same  track 
is  only  a  matter  of  common  occurrence.  The  larger  movement  of  the 
south  rail  may  have  been  caused  by  its  location  nearer  the  outside  of 
the  roadbed,  where  there  would  be  more  spring  in  the  bank,  and  con- 
sequently a  greater  amplitude  of  wave  motion.  In  some  cases,  also, 
the  spikes  on  one  rail  of  a  track  may  happen  to  be  staggered  in  the 
manner  which  secures  the  most  effective  cross-binding  action  on  the 
rail,  with  a  tendency  to  hold  it  against  creeping.  This  occurs  where 
the  outside  spike  leads  in  the  direction  of  the  creeping. 

The  roadbed  at  this  point  is  an  earth  fill  over  a  marsh,  a  combina^ 
tion  of  two  conditions  quite  conducive  to  rail  creeping.  The  rails  in 
the  two  tracks  were  of  the  same  weight,  and  the  traffic  in  the  two  di- 
rections was  practically  the  same,  in  regard  to  the  number  of  both 
passenger  and  freight  trains,  but  the  rails  in  the  west-bound  track 
were  held  by  slot-spiking  at  the  splice-bars,  whereas  such  was  not  the 
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Mr.  Camp,  case  in  the  east-bonnd  track.  This  fact  will  acconnt,  in  some  degree, 
for  the  smaller  movement  of  the  rails  in  the  west-bound  track,  where 
the  creeping  amounted  to  only  from  |  to  |  in.  during  the  period  of  the 
observations. 

Another  cause  for  the  difference  might  have  been  a  variation  of 
speed  in  the  trains  in  the  two  directions.  The  point  of  observation 
was  in  a  sag,  at  the  foot  of  a  grade  of  0. 7  %,  about  8  miles  long,  meet- 
ing a  level  stretch  of  track,  3  000  ft.  long,  across  the  marsh.  It  is 
reasonable  to  suppose  that  at  least  the  freight  trains  on  the  east-bound 
track,  approaching  the  point  of  observation  on  a  descending  grade, 
would  pass  the  point  at  higher  speed  than  trains  of  the  same  class  on 
the  west-bound  track.  The  comparison  of  the  creeping  action  on  the 
two  tracks,  therefore,  is  corroborative  of  explanations  which  are  well 
understood. 

The  case  next  in  importance,  measured  by  the  extent  of  the  creep- 
ing action,  seems  to  have  been  at  '*  Head  of  Grade,'*  on  the  FrackTiUe 
Branch,  where,  the  west  rail  of  the  south-bound  track  crept  3j  in. 
during  the  time  between  February  16th  and  September  28th,  but,  dur- 
ing the  same  time,  the  east  rail  of  the  same  track  crept  only  1}  in. 
The  creeping  on  the  north-bound  track  at  the  same  point  was  unim- 
portant. The  grade  at  this  point  is  3.3  %  for  a  distance  of  3. 16  miles. 
Examination  of  Table  4  shows  that  the  joints  on  both  rails  of  the 
north-bound  track  were  slot-spiked,  whereas  on  the  south-bound  track 
only  occasional  joints  were  held  in  this  way.  The  traffic,  both  pas- 
senger and  freight— but  with  the  freight  trains  greatly  predominat- 
ing— seems  to  have  been  the  same  on  both  tracks.  It  might  be 
expected,  however,  that  the  creeping  force  would  be  much  greater  on 
the  south-bound  track,  on  which  the  trains  run  with  the  grade,  and 
on  which  faster  speeds  are  undoubtedly  made  than  on  the  north- 
bound track,  where  the  train  movements  are  against  the  grade.  It  is 
also  stated  that  the  freight  trains  on  the  north-bound  track  consisted 
almost  entirely  of  empty  cars.  Here,  again,  therefore,  the  observa- 
tions and  accepted  theories  applying  to  the  conditions  are  in  harmony. 

At  Broad  Mountain  the  conditions  respecting  grades  and  traffic 
seem  to  be  substantially  the  same  as  at  <*Head  of  Grade,"  with  simi- 
lar, but  not  as  serious,  results. 

It  appears  from  the  diagrams  that  in  several  places  the  movement 
of  the  rails  was  opposite  to  the  direction  of  the  traffic.  In  every  case 
of  this  kind,  however,  the  extent  of  the  movement  was  small,  being 
most  at  Hopewell,  where  it  was  f  in.  in  the  north  rail  of  the  east- 
bound  track  and  i  in.  in  the  north  rail  of  the  west-bound  track.  At 
North  Wales  both  rails  of  the  north-bound  track,  apparently,  moved 
in  opposition  to  the  traffic,  the  maximum  contrary  movement  there 
being  about  i\  in. 

At  a  number  of  other  points  there  was  apparently  a  slight  move- 
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ment  in  the  direction  opposite  to  that  of  the  traffic,  but  in  every  case  Mr.  Gamp, 
the  extent  of  the  movement  was  so  small,  and  the  movement  of  the 
rails  in  either  direction,  at  those  points,  so  small,  that  it  may  reason- 
Mij  be  doubted  whether  rail  creeping,  proper,  took  place  at  all.  The 
writer  is  inclined  to  think  that  the  movement  in  snch  cases  was  only 
the  effect  of  local  expansion  or  contraction,  from  change  of  tempera* 
tnre,  which  might  have  been  stronger  than  the  tendency  of  the  rails  to 
creep  under  the  traffic. 

Bail  creeping  causes  trouble  and  expense  in  various  ways.  The 
movement  shoves  joint  ties  off  their  tamped  beds  upon  loose  ballast, 
which  affords  inferior  support;  the  slewed  ties  must  be  respaced,  to 
put  them  square  with  the  track  or  to  restore  the  proper  space  inter- 
vals; frogs  are  sometimes  crowded  out  of  alignment;  and  the  creeping 
Miction  closes  joint  openings  necessary  for  the  free  expansion  of  the 
rails  with  rise  of  temperature.  Other  well-known  evils  might  be 
mentioned,  but  the  foregoing  will  suffice  to  indicate  the  relative  im- 
portance of  this  matter  in  track  work. 

In  seeking  to  arrest  rail  creeping,  it  is  expedient,  for  practical  con- 
siderations, to  be  able  to  connect  the  effect  with  the  cause,  for  it  is 
well  understood  that  the  tendency  for  rails  to  creep  is  greater  in  some 
localities  than  in  others.  Observers  have  come  to  know  that  the  char- 
acter of  the  ground  formation  or  roadbed  is  one  of  the  most  important 
<3onditions  accountable  for  the  creeping  movement.  In  using  means 
of  prevention,  therefore,  it  is  essential  that  knowledge  of  conditions 
of  this  kind,  in  some  detail,  should  enter  into  the  considerations. 
In  practice,  trackmen  have  found  it  possible  to  stop  the  creeping 
at  some  points,  while  at  other  points  the  same  methods  were  en- 
tirely inadequate  to  overcome  the  trouble  or  even  alleviate  the  situ- 
ation in  any  material  respect.  Hence  the  economical  aspects  of  the 
question  also  call  for  knowledge  of  the  local  conditions.  It  follows 
from  this  that  a  concentration  of  appliances  at  those  points  where 
iJie  tendency  to  creeping  is  strongest  may  be  more  effectual  than 
£kn  application  of  any  particular  device  uniformly  at  all  points  where 
creeping  occurs.  That  is  to  say,  the  creeping  of  rails  at  all  points 
along  a  stretch  of  track  of  assumed  length  might  be  due  to  condi* 
tions  which  exist  along  only  a  portion  of  the  distance.  The  creep- 
ing action  at  the  particular  points  or  localities  where  the  propelling 
force  is  engendered  may  be  strong  enough,  if  not  opposed,  to  shove 
the  line  of  rails  over  the  whole  distance  considered.  The  records 
and  diagrams  presented  by  Mr.  Wagner  show  that  the  rail  creeping 
At  some  points  was  negligible,  while  at  other  points  it  was  not  en- 
tirely preventable  by  the  means  applied  to  overcome  it,  although 
they  might  have  retarded  it  to  some  extent. 

In  his  paper,  Mr.  Wagner  has  been  kind  enough  to  refer  to  certain 
<;haracteri8tic  facts  of  rail  creeping  put  into  formulated  expression  by 
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Xr.  Gami:^  the  writer  after  some  yearB  of  reflection  on  experience.  It  will  not  be 
necessary,  therefore,  to  repeat  the  writer's  opinions  on  the  general 
principles  of  the  qnestion  except  where  special  comment  is  intended. 
One  of  the  principles  laid  down  is  that  rails  creep  more  on  newly- 
made  embankments  than  on  old  roadbed  which  has  become  solidly 
compacted.  By  way  of  illustration,  a  case  will  be  cited  which  came 
within  the  writer's  experience  at  one  time  on  the  Pennsylvania  and 
New  York  Division  of  the  Lehigh  Valley  Bailroad.  The  original  road* 
bed  on  this  line  was  the  tow-path  of  the  abandoned  Pennsylvania  and 
New  York  Canal,  which  had  become  well  settled  nnder  the  tramping 
of  boating  teams,  and  from  weather  exposure  for  many  years.  Event- 
ually, the  road  was  doable-tracked,  the  second  track  at  almost  all 
points  being  laid  upon  a  new  embankment  made  by  filling  upon  the 
bed  of  the  abandoned  canal.  At  one  location,  in  particular,  covering 
a  stretch  of  track  some  4  miles  in  length,  this  new  embankment  was 
continuous,  and  upon  it  was  laid  the  new  north-bound  track,  the  old 
track  then  being  used  for  the  south-bound  traffic.  The  grades  were 
light  enough  to  be  fairly  negligible  in  the  present  connection,  and  the 
number  of  train  movements  was  about  the  same  in  each  direction,  the 
weight  of  traffic  being  somewhat  heavier  north  bound,  owing  to  the 
movement  of  loaded  coal  trains  in  that  direction,  although  the  speed 
of  these  loaded  north-bound  trains  was  slower  than  the  empty  south- 
bound coal  trains.  The  height  of  the  new  embankment  was  about  8  ft 
and  upward.  On  both  tracks  the  joint  splices  were  slot-spiked  to  the 
ties,  and  both  tracks  were  ballasted  with  gravel  of  good  quality.  The 
exact  weight  of  the  rails  on  the  two  tracks  cannot  now  be  recalled, 
but  those  on  the  north-bound  track  were  new  and  of  heavier  section 
than  the  old  rails  of  the  south-bound  track,  the  weight  of  which  was 
somewhere  between  50  and  60  lb.  per  yd. 

As  soon  as  the  road  began  to  be  operated  as  double  track,  excessive 
creeping  was  observed  on  the  north-bound  track,  and  all  measures 
taken  to  stop  it  were  ineffective.  In  eix  months,  during  the  summer, 
the  rail  movement,  by  actual  measurement,  was  22  in.  The  creeping 
action  was  so  strong  that  both  ties  at  all  the  (suspended)  joints  were 
carried  bodily  with  the  rails,  so  that  respacing  of  these  ties  became 
necessary  long  before  the  whole  movement  noted  had  taken  place.  On 
the  old  roadbed  (south-bound  track)  the  creeping  movement  during 
the  same  time  was  only  3}  in.  During  the  following  year  the  creep- 
ing on  the  north-bound  track  was  not  nearly  as  much,  and  the  com- 
parison of  the  rail  movements  of  the  two  tracks  was  not  nearly  as 
marked,  which  was  undoubtedly  due  to  the  fact  that,  as  the  new  road- 
bed became  consolidated,  the  force  causing  the  creeping  gradually 
decreased. 

In  regard  to  grades,  the  writer  is  of  the  opinion  that  they  are  a 
factor  in  rail  creeping  only  as  far  as  they  influence  the  speed  of  trains* 
On  single  track  he  has  observed  rail  creeping  both  up  and  down  grade» 
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and,  in  one  case,  which  is  worth  citing,  the  rails  crept  in  both  direo-  Mr.  Camp, 
tions  on  the  same  grade.  This  was  on  the  Seattle,  Lake  Shore  and 
Eastern  Railroad  (now  the  Seattle  and  International  Railway,  a 
branch  of  the  Northern  Pacific  Railway),  on  a  grade  about  5  miles  long. 
Over  nearly  the  whole  length  of  this  grade,  from  the  top,  the  rails 
crept  down  hill,  presumably  because  of  the  faster  speeds  in  that 
direction.  For  a  distance  of  about  )  mile  from  the  foot  of  the  grade, 
however,  the  rails  crept  up  hill.  The  explanation  was  found  in  the 
high  speed  of  loaded  logging  trains  '*  running  for  the  hill "  when  be- 
ginning to  ascend  the  grade.  At  the  foot  of  the  grade  the  creeping 
movement  up  hill  amounted  to  2  in.,  in  one  season;  but,  farther  up 
the  grade,  the  creeping  action  gradually  grew  less  and  less,  until,  as 
already  stated,  it  died  out  altogether  in  a  distance  of  about  |  mile. 
In  this  case  it  seemed  clear  that,  as  the  speed  of  the  heavily  loaded 
trains  slackened  in  working  against  the  grade,  the  rail  creeping  up 
grade  gradually  decreased  in  correspondence,  until  a  point  was  reached 
where  it  was  counteracted  by  the  opposite  creeping  action  caused  by 
the  faster  speeds  on  the  down  grade. 

F.  S.  Stevens,  M.  Am.  Soc.  O.  E.  (by  letter).— As  the  writer  under-  Mr.  Stevens, 
stands  the  matter,  the  term,  ''creeping,"  only  applies  to  those  cases 
where  the  rails  are  moved  by  external  forces;  and  movement  which  is 
dne  to  expansion  and  contraction  should  not  be  considered.  The  only 
force,  then,  that  can  produce  the  trouble  is  the  moving  train,  and,  as 
the  friction  or  adhesion  will  hold  the  rails  in  place  on  the  ties,  it  fol- 
lows that  this  movement  must  occur  where  the  rail  is  not  loaded  and 
is  practically  free  from  contact  with  the  ties,  and,  therefore,  it  is  due 
to  the  wave  motion  cansed  by  the  weight  of  the  train  passing  over  a 
roadbed  which  yields  more  or  less  to  the  compression  and  is  some- 
what elastic.  The  movement,  then,  must  precede  the  train,  and  will 
increase  directly  with  the  elasticity  of  the  roadbed  and  the  condition 
of  the  track  as  to  surface.  The  writer  has  had  charge  of  track  ove^^ 
ground  which,  apparently  at  some  time,  had  been  swamp,  and  the 
^oft  alluvial  formation,  of  great  depth,  carried  the  embankment  of 
gravel,  not  exceeding  6  to  8  ft.  high;  but  this  comparatively  thin  layer 
of  gravel  was  subjected  to  great  vibration  under  passing  trains, 
and  the  wave  in  front  of  the  engine  was  very  perceptible.  The  resnlt 
was  that  frequently  the  splice-plates  were  broken  at  the  center,  and 
the  rails  separated  from  6  to  12  in.,  the  splice-plates  evidently  having 
cracked  some  time  before,  and  the  joint  parted  in  this  way ;  and  if 
there  were  no  cracked  plates  to  part  and  thus  relieve  the  strain,  the 
bolts  were  sheared  off  and  the  same  opening  appeared.  The  strange 
fact,  in  connection  with  the  parting  of  these  splices,  was  that  the 
joints  in  the  track  on  the  hard  ground  adjoining  did  not  close,  but 
remained  open  for  a  distance  of  |  mile  or  more  from  the  old  swamp, 
and  there  the  rails  ran  close  together  and  showed  a  tendency  to 
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Mr.  Steyens.  buckle.     The  moyement  was  in  the  direction  of  the  heayier  traffic  and 
np  grade. 

Similar  conditions  have  been  found  where  new  ties  haye  been 
'< spotted"  in  at  interyals  and  haye  not  receiyed  proper  attention 
within  reasonable  time  afterward.  These,  becoming  loose,  hong  by 
the  spikes  and  gaye  the  rails  so  little  support  that  yiolent  waye 
motion  was  set  up  and  the  consequent  creeping  took  place. 

The  effect  of  loose  ties  is -more  noticeable  where  the  tracks  are 
curyed,  for  where  the  traffic  is  heayy  and  slow,  and  trains  are  long,  and 
where  the  track  is  surfaced  for  high  speed,  the  load  shifts  to  the  low 
rail  and  the  wheels  that  trayei  on  the  high  rail  must  slip;  and,  in 
addition  to  the  waye  motion,  there  is  the  dragging  effect  of  the  sliding 
wheels,  with  the  result  that  the  outer  rail  of  the  curyes  creeps  and  the 
inner  rail  doea  not,  to  any  great  extent. 

Loose  spice-plates  are  also  a  factor  in  the  creeping  of  rails,  and, 
where  other  conditions  are  good,  loose  splices  alone  will  cause  some 
moyement.  The  remedy  is  to  preyent,  as  far  as  possible,  all  waye 
moyement  by  using  rails  of  sufficient  weight  to  carry  the  loads  with- 
out appreciable  deflection,  build  firm  and  unyielding  roadbeds,'  and 
use  enough  good  ballast  to  distribute  the  load  properly  and  see  that 
it  is  kept  open,  so  that  all  water  may  escape  quickly  and  without  sat- 
urating and  softening  the  roadbed;  then  keep  all  ties  tamped  to  a  true 
and  uniform  bearing,  each  tie  carrying  its  proper  proportion  of  the 
load.  The  rails  in  such  track  will  creep  yery  little,  and  no  trouble 
will  be  found  in  keeping  the  proper  expansion  allowance  at  the  joints, 
if  the  splices  are  kept  uniformly  tight. 

Mention  may  be  made  of  the  Chicago  and  Alton  Railroad,  on 
which  rails  133  ft.  in  length  are  being  used,  and  it  is  understood  that 
there  is  no  trouble  with  them.  Beally,  the  only  question,  in  this  mat- 
ter of  length  of  rail,  is  that  of  handling,  and  that  should  not  cause 
much  trouble  to  roads  close  to  their  source  of  supply.  The  writer 
does  not  beUeyethat  with  tracks  there  has  eyer  yet  been  any  trouble 
which  could  be  traced  to  excessiye  length  of  rail,  but  there  has  been 
a  great  deal  of  trouble  caused  by  creeping  rails  which  crept  because 
they  were  neglected,  or  the  ties  were  loose,  the  joints  were  loose,  the 
surface  poor,  or  the  men  in  charge  incompetent.  When  engines  and 
cars  ride  smoothly,  without  jolt,  jar,  sway,  or  lurch,  the  rails  are  not 
creeping  to  any  great  extent.  It  is  poor  track  which  does  the  creep- 
ing, unless  the  trouble  lies  below  the  bottom  of  the  roadbed.  Drain- 
age is  the  **  whole  thing  **  in  making  and  maintaining  good  track  which 
will  hold  its  surface  and  stay  where  it  is  placed,  and  the  cost  of  main- 
tenance yaries,  as  to  rail  and  labor,  yery  nearly  in  proportion  to  the 
tonnage  moyed.  Eliminate  the  waye  motion  by  thorough  drainage, 
sufficient  weight  of  rail,  good  ties,  and  good  surface,  with  tight  joints, 
^nd  no  fear  need  be  entertained  on  account  of  trouble  caused  by 
creeping  rails. 
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HuwTBR  McDoNAiiD,  M.  Am.  8oc.  C.  E.  (by  letter).— The  writer's  Mr.  McDonaidU 
experience  with  creeping  rails  has  been  confined  almost  entirely  to 
-single  track,  while  the  observations  described  by  the  author  were 
made  ezclusiyely  on  doable  track. 

The  creeping  of  rails  on  single  track  presents  also  many  appar- 
ently inexplicable  phenomena.  It  has  been  the  writer's  experience 
that,  no  matter  what  the  direction  of  the  preponderance  of  traffic,  the 
rail  will  often  creep  down  grade  in  both  directions  until  all  the  joints 
in  the  sag  are  closed  np.  Gravity,  no  doubt,  has  much  to  do  with  this, 
bnfc  the  writer  believes  that  the  temperature  has  also  a  large  share  in 
it.  The  rail  is  first  laid  with  proper  provision  for  expansion.  As 
expansion  takes  place  the  rail  moves  more  easily  down  the  grade. 
'When  contraction  follows,  the  rail  is  again  drawn  down  the  grade 
rather  than  up. 

The  creeping  of  rails  against  the  current  of  traffic,  as  shown  in 
many  instances  on  the  author's  cards,  often  occurs  for  a  short  period, 
but  it  seldom  continues  unless  some  condition  of  loose  track,  easily 
discernible,  brings  it  about.  This  creeping  is  probably  due  to  tem- 
perature changes. 

The  writer  recalls  many  instances  of  creeping  rails,  one  of  which 
may  be  worth  mentioning.  It;  was  on  a  trestle  about  4  000  ft.  long. 
Near  its  middle  the  track  was  a  level  tangent.  The  south  half  was  on 
A  1.5%  grade,  ascending  from  near  the  middle,  and  included  a  long  6^ 
<5urve  to  the  east.  The  north  half  was  on  a  0.6^  grade,  ascendmg 
from  near  the  middle,  and  included  two  short,  sharp  curves  near  the 
north  end,  reversing  on  a  point.  The  excess  of  traffic  was  southward. 
A  Wharton  switch  turned  out  near  the  middle  on  the  west  side,  the 
frog  being  rigidly  fastened  to  the  stringers.  In  earlier  days  the  tres- 
tle had  few  braces  in, the  direction  of  the  track,  and  vibrated  greatly 
finder  trains.  The  east  rail  crept  northward  for  years  at  an  average 
irate  of  J  in.  per  day.  Efforts  to  stop  it  by  fastening  the  rail  always 
resulted  in  shearing  the  bolts  or  moving  the  ties,  no  matter  how  well 
fastened  down.  Until  the  method  of  using  pointed  rails  was  adopted, 
it  was  the  practice  to  put  in  long  rails  at  the  south  end  and  short  ones 
iU  the  north  end  every  Saturday  afternoon.  The  west  rail. never  gave 
j&nj  trouble  whatever  from  creeping  in  either  direction.  It  was  on 
the  outside  of  the  long  6°  curve.  All  creeping  was  effectually  stopped 
when  heavier  stringers  were  put  in  and  every  eighth  bent  braced 
securely  by  two  heavy  pieces  of  timber  fastened  on  each  side  of  the. 
cap  and  running  to  the  sills  of  the  second  bents  on  each  side. 

It  has  been  the  writer's  experience  that  the  rail  always  creeps  on, 
'  and  in  the  vicinity  of,  long  trestles,  especially  those,  providing  for 
large  waterway  across  bottoms,  and  in  which,  on  account  of  drift- 
wood, it  is  not  prActicable  to  maintain  much  longitudinal  bracing. 

When  some  method  of  fastening  the  rail  securely,  to  the  tie  is  de- 
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Mr.  McDonald,  yised,  more  rigid  track  can  be  maintained,  and  trouble  from  creeping 
greatly  reduced. 

The  anti-creeping  devices,  designed  upon  the  wedge  principle,  will 
hardly  take  care  of  cases  where  the  rail  creeps  in  both  directiouB, 
and  will  not  be  needed,  to  any  great  extent,  when  the  present  method 
of  spiking  gives  way  to  one  that  will  hold  the  rail  tight  down  to  the 
tie. 
Mr.  Dudley.  P.  H.  DuDLBY,  EsQ.  (by  letter). — The  measurements  of  the  creeping 
of  rails,  by  Mr.  Wagner,  are  important,  because  they  cover  so  many 
locations  and  conditions  of  service.  These  will  lead  to  others  of  as 
high  a  degree  of  excellence,  and  the  principal  conditions  incident  to 
creeping  rails,  some  of  which  are  local,  will  become  evident. 

When  the  writer's  *<  questions  "  for  the  International  Railway  Con- 
gress were  prepared  and  sent  to  the  railroads,  it  was  expected  that  a 
number  of  similar  observations  would  be  secured  from  several  railroad 
companies.  The  replies,  without  measurements,  were  so  discordant, 
owing  to  different  conditions,  that  they  could  not  be  used  to  determine 
the  local  causes  as  to  the  creeping  of  the  rails.  After  the  questions 
had  been  sent  out,  the  Permanent  Committee  of  the  International 
Bailway  Congpress  restricted  the  reports  to  a  less  number  of  pages 
than  expected;  therefore,  detailed  observations  could  not  be  reported, 
on  subsidiary  subjects.  It  is  well  that  these  are  presented  where  they 
will  receive  adequate  publication  and  discussion. 

In  Mr.  Wagner's  records  of  the  Atlantic  City  Railroad,  the  creeping 
of  the  rails  was  not  decided,  for  trains  exceeding  one  mile  per  minute, 
from  January  14th  to  May  7th.  at  Clemmenton,  Albion,  Farmington, 
and  in  part  at  Pleasantville,  the  movements  being  due  principally  to 
the  elongation  and  contraction  from  thermal  stresses.  From  May  7th 
to  November  24th,  the  movements  were  larger.  The  details,  as  to 
gradients  and  character  of  the  track,  are  given  for  all  the  different 
points  of  observation.  At  Clemmenton,  on  the  south  track,  to  May  7th, 
the  west  or  right  rail  had  moved  in  the  direction  of  the  traffic  0.26  in. 
From  May  27th  to  November  24th,  a  part  of  this  was  lost,  the  rail 
moving  in  the  opposite  direction,  the  final  movement  being  0.20  in., 
compared  with  the  observation  of  January  14th.  The  east  or  left  rail 
did  not  show  much  movement  until  after  May  17th,  when  the  total 
movement  to  the  left  was  0.28  in. 

On  the  north-bound  track,  to  May  7th,  the  movement  of  the  left 
rail  seems  to  have  been  due  principally  to  the  adjustment  of  thermal 
stresses,  and  by  May  27th  it  had  moved  against  the  traffic  0.16  in.,  but 
by  November  24th  it  had  moved  0.86  in.  with  the  traffic. 

The  right  or  east  rail,  on  May  27th,  had  moved  0.08  in.  against  the 
traffic,  though  by  November  24th  it  had  moved  0.20  in.  with  the  traffic. 
This,  under  high-speed  trains,  is  a  limited  amount. 

At  Albion  the  movement  of  the  rails  on  the  south-bound  track  was 
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down  grade  against  the  traffic.    On  the  north-bound  track  it  was  down  Mr.  Dndiejr. 
grade  also,  though  the  total  movement  was  slight.    From  May  7th  to 
November  24th,  for  the  left  rail  it  was  0.36  in.  and  for  the  right  rail 
0.42  in. 

At  Farmington  (level  track)  the  right  rail  on  November  10th  had 
moved  0.1  in.  with  the  traffic,  the  left  rail  0.6  in.  On  the  south- 
bound track,  both  rails,  from  May  8th  to  November  10th,  moved  only 
0.22  in. 

Examination  of  the  figures  giving  the  movement  of  the  joints  on 
either  side  of  the  observed  lines  shows,  by  the  rails  rendering  in  the 
fiplice-bars,  that  more  or  less  motion  was  taking  place.  The  friction  of 
the  90-lb.  splice-bars  against  rendering,  in  the  testing  machine  at 
Watertown,  was  about  4  500  lb.  per  lin.  in.,  or  63  0(K)  lb.  for  14  in.  in 
one  rail  end,  when  the  bolts  were  tightened  up  as  by  the  trackmen. 

At  Pleasantville,  on  the  north-bound  track,  from  January  15th  to 
November  10th,  the  right  rail  moved  0.36  in.  with  the  traffic,  and  the 
left  rail  1.14  in.  On  the  south-bound  track  the  left  rail  moved  1.80  in. 
with  the  traffic,  the  right  rail  moved  only  0.56  in.  At  these  two  loca- 
tions the  rails  are  45  ft.  in  length. 

It  is  usually  found  that  the  45  and  60-ft.  rails  are  slightly  looser 
under  the  spikes  than  the  shorter  rails. 

The  excess  tendency  of  the  right  or  left  rail  to  move  under  the  fast 
trains  is  indicated  there  by  the  greater  movement  for  the  left  rail. 
This  applies  only  to  similar  conditions,  for  the  observations  at  other 
points  show  the  greater  creeping  by  the  right  rail. 

The  movement  of  the  cross-ties  is  not  noted,  but  was  slight,  if  any, 
except  for  those  to  which  the  angle  plates  at  the  joints  were  spiked, 
the  rails  running  under  the  spikes.  Where  the  ballast  is  out,  the 
cross-ties  move,  or  permit  more  rapid  running  of  the  rails. 

In  the  winter  the  tendency  of  the  thermal  stress  is  to  cause  tension 
in  the  metal  of  the  rails,  while  in  the  summer  it  is  compression,  be- 
fore or  while  the  rail  ends  are  rendering  in  the  splice-bars,  for  adjust- 
ment. In  the  first  condition  the  rails  are  not  as  loose  as  a  continuous 
member  under  the  passing  locomotives  and  cars,  and  the  unit  fiber 
strains  as  a  rule  are  not  found  to  be  as  large,  when  measured  by  an 
instrument,  as  in  the  summer.  This  statement  must  not  be  con- 
founded with  the  fact  that  under  great  falling  temperatures  the  com- 
bined thermal  stress  of  tension  and  that  due  to  the  positive  bending 
moments  in  the  base  of  the  rail  of  the  passing  wheel  effects  may  be 
and  are.  often  greater  than  those  expericDced  in  the  summer,  under 
the  same  locomotives.  The  thermal  strains  of  tension  reduce  the 
factor  of  safety  of  the  metal,  while  those  of  compression  increase  the 
looseness  of  the  rails  and  the  disturbance  of  the  line.  The  tendency 
of  the  rails  in  summer,  therefor^,  is  to  become  slightly  looser  as  con- 
tinuous members,  for  the  same  standards  of  maintenance,  and  to  creep 
most  under  the  spikes. 
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Mr.  Dudley.  The  unit  fiber  strains  under  locomotives  of  two  pairs  of  driving 
wheels  are  increased  from  20  to  35^  by  the  expended  tractive  effort, 
besides  that  due  to  the  axle  loads. 

The  superstructure  of  all  steam  roads  is  flexible,  and  is  depressed 
temporarily  from  the  '*  trackmen's  surface  *'  to  the  lower  running  sur- 
face in  the  **  general  depression  **  under  the  wheel  base  of  the  locomo- 
tives and  cars.  In  the  '^  general  depression  "  there  are  specific  de- 
flections, in  the  raQs  under  the  wheels,  of  positive  bending  moments, 
constrained  by  negative  bending  moments  in  the  wheel  spacing. 
This  constitutes  the  so-called  ''  wave  motion  "  in  the  superstructure. 
The  ballast  and  subgrade  are  also  loaded  and  partially  unloaded,  each 
wheel  being  distinctly  felt  in  the  subgrade,  for  15  or  20  ft.  in  depth, 
in  most  places.  Each  type  of  locomotive  in  passing  causes  a  charac- 
teristic '*  general  depression  "  and  bending  moments,  in  loading  the 
subgrade,  and  in  extreme  cases  the  rails  and  cross-ties  show  a  slight 
movement  with  each  train,  and  require  attention  to  prevent  creeping. 
Conditions  in  the  permanent  way  which  permit  a  depression  of  the 
rails  of  I  in.  or  more  under  the  passing  locomotives  or  cars,  cause  a 
tendency  to  creep.  The  outer  rail  on  curves  also  tends  to  creep,  with 
the  traffic. 

Decreasing  the  positive  and  increasing  the  negative  bending  mo- 
ments in  the  rails,  either  by  increased  stiffness,  better  drained  sub- 
grade,  a  more  favorable  construction  of  the  locomotive  for  the  distri- 
bution of  the  total  load  and  loading  the  rail,  high  standards  of 
maintenance,  with  ample  ballast,  increase  the  combined  stabihty 
between  the  passing  locomotive  and  the  permanent  way,  and  check 
creeping.  This  is  proven,  in  the  practice  of  the  past  decade,  by  the 
fast  and  heavy  trains  in  daily  service,  compared  with  those  on  the 
former  light  rails. 

The  4- wheel  **  leading  and  guiding  truck"  for  the  engine,  invented 
by  the  late  John  Bloomfield  Jervis,  Hon.  M.  Am.  Soc.  C.  E.,  one  of 
America's  eminent  civil  engineers,  has  been  the  great  factor  in  loading, 
not  only  the  rails  in  the  "general  depression,"  but  the  subgrade. 

Stephenson's  unexcelled  work  was  the  combination  for  rapid  steam 
generation  for  locomotives,  while  that  of  Jervis,  his  contemporary, 
the  distribution  of  the  load  and  ease  of  motion.  The  mechanical 
applications  of  both  principles  have  exceeded  the  expectations  of 
either,  with  less  creepiog  of  the  rails  than  they  experienced. 
Mr.  TatnaU.  Georob  Tatnalij,  M.  Am.  Soc.  0.  E.  (by  letter).— The  author  pre- 
sents a  very  interesting  series  of  observations  on  a  troublesome  sub- 
ject, on  which  there  are  very  few  accurate  data,  and  yet  a  great  deal 
of  speculation.  Almost  every  main  tenance-of- way  engineer  has  his  own 
pet  theory  of  the  cause  of  the  creeping  of  rails,  evolved  from  some 
personally  observed  and  half -remembered  facts. 

The  minute  description  of  the  methods  of  observation  speaks  well 
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for  the  accuracy  of  the  resxdts  obtained;  nevertheless,  there  are  some  Mr.  Tatoall. 
matters  of  importance  decidedly  lacking.  The  anthor  quotes  from 
Mr.  Camp:  '*  It  is  now  generally  conceded  that  the  principal  cause  of 
creeping  is  the  wave  motion  in  the  rails  set  up  by  moving  trains/' 
This  coincides  with  the  opinion  expressed  by  himself,  and  yet  no 
effort  seems  to  have  been  made  to  ascertain  the  amplitude  of  this  wave 
motion,  in  conjunction  with  the  other  observations. 

The  worst  case  of  creeping  that  ever  came  under  the  writer's  ob- 
servation occurred  on  a  wooden  Howe  truss  bridge.  This  structure 
consisted  of  thirteen  spans,  each  of  about  150  ft.,  and  a  draw-span  of 
80  ft.  clear,  with  14  ft.  between  the  trusses.  The  floor  system  was 
constructed  of  cross-beams  of  8  by  16-in.  yellow  pine  resting  on  the 
lower  chord  and  spaced  16  in.  apart,  on  which  rested  a  longi- 
tudinal stringer  of  8  by  12-in.  yellow  pine  laid  flat,  on  which  the  rail 
was  spiked.  This  bridge  carried  a  very  heavy  trafSc,  both  in  the  num- 
ber and  weight  of  trains,  and  was  considerably  over-strained,  so  that 
constant  attention  was  imperative  and  repeated  repairs  and  renewals 
necessary.     It  has  since  been  entirely  replaced  with  a  steel  structure. 

Upon  this  bridge,  directly  under  the  writer's  eye,  a  creeping  of 
rails  of  more  than  1  in.  with  the  passing  of  each  train  has  been 
observed  repeatedly.  As  the  bridge  was  a  single-track  structure  and 
the  trains  alternated  in  direction,  the  creeping  caused  by  one  train 
w^as  balanced  by  the  creeping  in  the  other  direction  caused  by  the 
next.  But  this  creeping  did  not  occur  under  the  driving-wheels,  nor 
under  the  coach  wheels,  which  has  long  been  a  bone  of  contention, 
but  occurred  entirely  at  the  moment  of  the  passage  of  the  advance 
upward  wave,  explained  and  described  so  clearly  by  Captain  J.  E. 
Howard,  of  the  U.  S.  Arsenal  at  Watertown,  Mass. ,  in  his  reports  on 
measurements  of  track  deflections,  and  which  occurs  several  feet  in 
front  of  the  engine.  At  the  time  of  the  observation  of  this  excessive 
creeping,  the  trusses  of  several  adjoining  spans  were  three  or  four 
years  old,  and  the  deflection  was  beginning  to  be  excessive;  the  deflec- 
tion of  the  floor  grades  had  increased  and  the  rail  had  cut  into  the 
longitudinal  stringer  considerably,  mashing  the  fibers,  so  that  the 
amplitude  of  this  advance  wave  was  very  great  and  very  noticeable,  and 
the  force  it  exerted  was  sufficient,  as  the  spikes  had  been  driven  down 
hard,  to  wear  away  the  flanges  of  the  rail  under  and  on  each  side  of 
the  spike  heads  to  an  appreciable  depth  below  the  general  plane  of 
the  flange  surface.  It  should  be  stated  that  trains  were  not  allowed 
to  run  at  a  speed  of  more  than  15  miles  per  hour  over  this  bridge. 

Analyzing  the  data  given  by  the  author,  it  appears  that  at  Beth- 
ayres  and  Pleasantville,  where  the  creeping  is  the  greatest,  the  tracks 
are  in  the  one  case  on  an  embankment  on  low,  swampy  ground,  and  in 
the  other  on  an  embankment  on  the  low-lying  salt  marshes  of  the 
coast;  in  both  cases  the  compression  of  the  embankment  and  under- 
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Mr,  TatoAlL  lying  marfih  by  the  heavy  traffic  would  be  relatively  great  and  the 
wave  motion  of  great  amplitude. 

The  anthor  quotes  Mr.  Camp  as  to  the  effect  of  temperature  on  the 
creeping  of  rails,  and  temperature  is  undoubtedly  the  second  impor- 
tant factor.  The  creeping  of  the  rails  in  hot  weather  toward  the  old- 
fashioned  and  now  obsolete  stub  switch,  is  well  known,  as  well  as  the 
creeping  toward  the  free  ends  of  the  rails  at  a  drawbridge;  and,  un- 
doubtedly, many  of  the  movements  noted  in  these  observations  are 
the  result  of  temperature  changes,  particularly  the  west-bound  track 
at  Hopewell  and  the  north-bound  track  at  North  Wales  and  Gywnedd, 
as  well  as  one  or  two  other  points,  where  whatever  movement  has  been 
noticed  is  in  a  direction  opposite  to  the  traffic.  It  is  to  be  regretted 
that  the  distance  and  direction  to  the  nearest  switch  or  crossing  has 
not  been  noted  as  giving  a  partial  clue  to  the  influence  of  the  temper- 
ature on  the  movement.  When  the  difference  between  the  summer 
length  and  the  winter  length  of  the  two  rails  immediately  adjoining  a 
draw-span,  in  a  bridge  about  2  000  ft.  long,  amounts  to  6  or  8  ft.,  it 
can  readily  be  believed  that  the  changes  in  temperature  could  cause 
greater  backward  and  forward  movements  than  the  fluctuations  shown 
in  the  tables. 

In  the  writer's  opinion,  the  wave  motion,  as  influenced  by  the  fre- 
quency and  weight  of  the  traffic,  the  compressibility  of  the  roadbed, 
and  the  underlying  natural  surface,  and  the  expansion  of  the  rails, 
under  increases  of  temperature  toward  an  unstayed  point  in  the  track, 
are  the  only  causes  of  creeping  rails,  and  that  such  factors  as  curves, 
grades,  speed  of  trains,  nature  of  traffic,  other  than  weight,  etc.,  etc., 
are  negligible  quantities  in  the  discussion.  This  opinion  seems  to  be 
upheld  by  the  data  presented. 
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Ibvino  p.  Church,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — It  is  not  Mr.  Church, 
without  Bome  diffidence  that  the  writer  presents  this  discussion  on 
Mr.  MoisseifTs  paper,  from  the  fact  that  some  of  the  features  which 
seem  to  him  to  be  at  variance  with  the  principles  of  mechanics  may 
involve  errors  of  small  practical  importance  and  thns  be  fairly  negli- 
grible;  and  that  he  has  been  nnable  to  find  time  to  ascertain  by  nu- 
merical trial  whether  or  not  such  is  the  case. 

The  first  result  whi(;h  the  writer  is  unable  to  confirm  is  on  page 
576,  in  the  paragraph  beginning  with  **  If  the  two  chords  of  the  truss, 
etc.,"  and  ending  with  Equation  8.  Here  the  statement  is  made  that 
a  load  on  the  bridge  would  be  sustained  by  the  two  chords  (now  sup- 
posed suspended  without  any  diagonal  stiffening  members  between) 
in  proportion  to  their  vertical  deflection  under  the  stress  caused. 
Mathematical  work  follows,  and,  finally,  claim  is  made  for  the  truth 

*  This  discussion  (of  the  paper  by  Leon  S.  Moisseiff.  Assoc.  M.  Am.  Soc.  C.  E., 
printed  in  Proceedings  for  August,  1804).  is  printed  in  Proceedings  in  order  that  the 
views  expressed  may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  November  26th,  1904,  will  be  pub- 
lished subsequently. 
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Mr,  Church,  of  Equation  8,  but  without  demonstration.  This  paragraph  seemed 
so  obscure  to  the  writer  that  he  has  attempted  to  throw  light  on  it,  in 
his  own  mind,  by  working  out  the  following  simple  case: 

In  Fig.  3,  0  5,  and  5,  t, 

C  are  two  elastic  bars,  of   j^^      NI 

equal  length,  /.,  and   sec-        l^?*^"-^"* & "j* * ♦ 

tional  area,  A^,  jointed  to  //j  h,"  o*^^^;C~""a^Zl  /"T^Z^^ 
each  other  at  JB,;  their  up-  ^vX***^<^ l^l^^-^^'''^^^^ 

per  extremities  being  sup-  VV^>r/i?^^   yy 

ported  on  fixed  pins,  0  and  \\^r^    yVf 

a     0  B^  and  B^  C  are  two  ""    >v^l  X^ 

other  bars,  but  of  greater  \  /tK/"    "*'"" 

length,  ^  and  of  different  Xr^  ^* 

sectional  area,   ^5,  pivoted  l^« 

to   each   other  at   -S^  and  ©P^ 

to  the  fixed  pins,  0  and  C.  Fio.  8. 

These  **  chords,"  of  two  rods  each,  sustain  a  weight,  IF  (although 
one  chord  would  be  sufiicient).  suspended  on  a  single  vertical  suspen- 
sion rod  (dotted  in  the  figure).  The  suspension  rod  is  supposed  to 
have  been  fitted  originally  to  the  pins  at  B^  and  B2  in  such  a  way  that 
idl  four  bars  are  in  tension  when  the  load  has  settled  into  place.  Let 
ihe  vertical  deflection,  B^  Dj,  of  the  pin,  B^,  be  denoted  by  ^|  and 
B2  A*  *^**  of  the  pin,  B^  by  8^  Let/^  and /2  represent  the  respective 
"versed  sines"  of  the  tvo  chords,  and  b  the  common  half-span. 
These  are  marked  in  the  figure,  as  also  the  angles,  a^  and  aj.  Let  T, 
and  T2  denote  the  respective  total  tensile  stresses  induced  in  the 
bars,  0  i?,  and  0  Bj-  ^^^  values  of  7\  and  T^  and  also  those  of  their 
horizontal  components,  H^  and  l/j*  ^^^^  depend  on  the  two  vertical 
deflections,  and  upon  other  quantities,  in  accordance  with  the  follow- 
ing relations  (8^  and  8^  are  much  exaggerated  in  the  figure): 

Since  the  extremity,  B^,  has  sunk  to  a  new  position,  Dj,  vertically 
underneath  JSj,  and  since  the  extremity,  0,  is  considered  fixed,  the 
elongation  of  the  bar  has  a  value,  Aj,  which  may  be  obtained  by  pro- 
jecting B^  i>i,  or  <5j,  upon  the  line,  2>i  0\  that  is, 

Ai  =  ^1  COS.  aj (38) 

But  if  E  is  the  modulus  of  elasticity  of  the  material  of  the  four 
bars  (the  same  for  all),  we  have,  from  a  familiar  relation  in  the 
*<  Mechanics  of  Materials," 

,  _  ^i  h. 

and  hence  Equation  38  becomes 

^.^■E^.^OB-a. ^^. 

f  h 

Now  jHi  =  7\  sin.  a,;  hence,  with  —  -  for  cos.  a|,and  -     for  sin.  rt|. 
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"we  have  Mr.  Church. 

fi,=  ^W^* (40) 

*    1 

.Similarly,  for  the  bar,  or  member,  0  B^^  in  its  elongated  condition 
under  stress, 

jj^^EA,S,Ab ^^jj 

vhenoe,  by  division,  vriting  L,  for  2  /„  and  I,  for  2  2,  (i,  and  Zj  being 
thus  the  total  lengths  of  the  two  "chords,"  respectively), 

H,-A,L;A!i, ^*^> 

It  is  also  easily  seen  from  Equation  39  that 

T.,-  A^L\f^6, ^^^ 

If  the  suspension  rod  is  fitted  accurately  to  the  pins,  fij  and  B^^ 

before  loading,  all  five  rods  being  then  straight  but  under  no  stress* 

then,  after  loading,  on  account  of  the  stretching  of  the  part,  B^  B2,  of 

the  suspension  rod,  6^,  will  be  greater  than  d^. 

But  if  the  elongation  of  the  part,  ^,  B^  of  the  suspension  rod  is 

considered  negligible  under  the  circumstances,  di  =  60,  and  Equation 

42  reduces  to 

ar^aL^A ^^ 

L9     /- 
If,  now,  the  proportion,  ~='^%   were  true,   we  should  immediately, 

^1     /1 
from   Equation  44^  derive  the  relation  stated  by  the  author  in  his 
Equation  8,  viz,, 

^.~^.A/i ^^ 

But  such  a  proportion  (Lj  \L^  :  1/2  :  /i)  is  evidently  very  far  from 
-the  truth  when  the  versed  sine  is  small  compared  with  the  length  of 
the  chord  or  cable,  as  is  the  case  in  the  spans  of  most  suspension 
bridges.  The  writer,  therefore,  is  forced  to  the  conclusion  that  Equa- 
tion 8  is  not  even  approximately  correct  (though  it  is  possible  that  the 
.author  had  in  mind  some  different  relation  between  d|  and  d^  than  that 
•of  equality). 

If  the  pins,  0  and  C,  move  horizontally  to  a  slight  extent  during 
the  gradual  loading  of  the  structure  in  Fig.  3,  the  mathematical  out- 
come, of  course,  is  more  complicated,  the  amount  of  such  movement 
being  partly  dependent  on  the  design  of  the  '*  side-span  cables." 

If  the  author  had  presented  the  detail  of  treatment  of  a  simple  spe- 
cific case,  like  that  in  Fig.  3,  his  meaning,  doubtless,  would  have  been 
clearer,  and  the  degree  of  approximation  more  evident. 

Next  take  up  the  method  of  expressing  the  stresses  in  the  '*  cables," 
or  chords,  when  the  stiffening  truss  is  in  action  (middle  of  page  577). 
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Mr.  Church.  In  Fig.  4,  let  0  k  represent  a  por-    ji^- — i^ 
tion  of  the  main  cable  (i.  e..  the    >    >.     I 

npper  chord  of  the  truss),  extend-    \ — — <5? -^ 1 

ing  from  the  tower-pin  at  0  to  any      *         ^^v  ^ 

segment  or  "member,"  k.     The  _^i^^L       q  \. 

forces  acting  are:  The  tension,  To,  Iiii!'^  I 

in  the  segment  next  to  the  tower-  p^  — •  -^^^k^^^  I 

pin  (its  horizontal  component  can  I  ^^'^^•^"^^' 

be  denoted  by  i/i,  oxmH)]  the  ten-  j>  ^t^ 

sionin  the  bar,  or  segment,  k,  viz.,  fiq.  4. 

T,  the  valae  of  which  is  to  be  expressed;  certain  vertical  forces,  P,,  P^ 

etc.,  at  the  intervening  joints;  and  also  certain  oblique  pulls  or  thrusts 

at  these  joints,  coming  from  diagonal  members  which  are  in  action, 

^te*»  Q\f  Q»  ^^^'     Summing  the  horizontal  components  of  the  forces 

for  the  equilibrium  of  this  portion  of  the  upper  chord  (no  longer  a 

cable  under  purely  vertical  loads),  we  obtain 

I' COS.  a  =  H^  +  Qi  COS.  u^  +  Q^  cos.  //j (46) 

or, 

T=m  jff sec.  a  +  (Q^  cos.  ^^  +  Q^  cos.  fi^  sec.  a (46) 

instead  of  the  result  obtained  by  the  author,  viz,,  T=^mH  sec.  a; 
which  result,  therefore,  would  seem  to  be  contrary  to  the  laws  of  me- 
chanics. 

A  similar  treatment  of  a  portion  of  the  main-span  stiffening 
chord  gives  a  similar  outcome.  To  assign  to  this  lower  chord  the 
properties  of  a  cable  under  purely  vertical  loads  (i.  e.,  to  claim  that 
the  stress  in  any  part  is  equal  to  n  H  sec.  a)  seems  quite  erroneous; 
since  the  stresses  existing  in  the  diagonal  members  are  of  great  im- 
portance in  the  treatment  of  this  lower  chord,  which  is  not  supposed 
to  be  under  any  stress  at  all  (aside  from  that  due  to  its  own  weight), 
unless  the  diagonal  members  are  called  into  action  (by  a  moving  load 
or  change  of  temperature),  in  which  case  we  find  an  oblique  Q  at  each 
joint. 

As  regards  forming  an  expression  for  the  *' bending  moment*'  for 
any  cross-section  of  the  stiffening  truss,  when  regarded  approxi- 
mately as  a  curved  beam,  or  inverted  arch  rib,  it  should  be  remem- 
bered that,  in  the  case  of  a  beam  or  rib,  where  the  forces  in  a  section 
are  equivalent,  not  to  a  stress  couple  and  a  shear  simply  (as  in  a  sim- 
ple beam),  but  to  a  couple,  a  shear,  and  a  thrust,  the  moment  of  the 
couple  (t.  e.,  the  bending  moment)  is  not  equal  to  the  algebraic  sum 
of  the  moments  of  the  forces  acting  on  the  portion  of  the  beam  on  one 
side  of  the  cross-section,  unless  the  axis  of  moments  is  taken  through 
the  center  of  gravity  of  the  plane  figure  formed  by  the  sections  of  the 
two  chord  members  of  the  truss  (or  very  nearly  so). 

Thus,  in  Fig.  5,  we  have  a  representation,  as  a  "free  body," of  s 
portion  of  the  stiffening  truss  situated  between  the  tower  pin,  0  (the 
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pressure  on  wbioh  is  replaced  by  its  two  components,  horizontal  com-  Mr.Churoh. 

ponent,  H,  and  vertical  component,  R),  and  a  cross-section  made  near 

the  middle  of  any  panel.     In  the  three  members  of  the  tmss  thus  cnt 

{viz.,  k,  r,  and  v),  we  find  acting  the  stresses,  7\  (in  npper  chord),  Q 

(in  the  diagonal  member),  and  Tj  (^^  ^^^  lower  chord).     The  point,  n, 

of  the  cross-section  is  taken  at  the  center  of  gravity  (in  side  view)  of 

the  plane  figure  formed  by  the  sections  of  the  two  chord  members. 

The  snm  of  the  moments  of  the  forces  on  the  left,  taken  abont  n, 
will  be  the  valne  of  M,  or  '•  bending  moment,'*  to  be  nsed  for  the  pnr- 
pose  for  which  M  would  be  used  when  a  treatment  involving  the 
Analogy  of  a  curved  beam  is  adopted.  On  this  basis,  we  derive  (see 
Fig.  5  for  symbols)  ir^ — -fK 

3t  =  Rx—  P^a  —  Hw (47)     |\     j 

The  writer  is  unable  to  see  any  warrant     !    _\U)  _  ^_ 
for  replacing  the  term,  H  w,  by  m  H  y^  ^^  J !  ^  ^ 

-^  n  B  2^j  as  the  author  has  done  in  £qua-  ^^Vk^  ^'  ■'"i^* 

tion  11;  even  supposing  that  correct  values  \jn?*^^^^^ 

of  m  and  n  are  available.     It  is  indeed  true  Tgj^  ^j    ^ 

that  the  product,  Bi  y^  (i.  e.,  m  Hy^)  would  L-^^i'^"^ 

occur  in  forming  moments  for  the  forces  ^^  ^^^i 

in  Fig.  4  about  the  point.  A:,  of  the  cable  Fio-  ^• 

or  upper  chord.  But  the  body  shown  in  that  figure,  being  a  portion 
of  the  upper  chord,  is  not  a  stiff  beam;  and  the  bending  moment  in 
the  section,  k,  is  zero. 

The  writer  finds  it  diflScult  to  recognize  any  necessity  for  the  in- 
vention and  use  of  the  artificial  quantities,  m  and  n  of  this  paper.  A 
straightforward  application  of  the  Principle  of  Least  Work  to  the 
entire  assemblage  of  bars  or  members  would  seem  to  answer  every 
purpose;  since  the  stress  in  each  member  is  capable  of  being  ex- 
pressed in  terms  of  known  quantities  and  the  one  unknown,  H. 

There  seems  to  be  in  the  paper  no  specific  declaration  of  the  im- 
portant feature  that  the  tower-pins  have  free  horizontal  movement; 
though  it  is  implied,  of  course,  in  the  evident  assumption  that  the 
*'//"  is  the  same  for  all  three  spans. 
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Mr.  Hiiden-  W.  HiLDENBRAND,  M.  Am.  8oc.  0.  E.  —Looking  at  Mr.  Lindenthal's 
brand,  p^per  in  the  light  of  a  **  study,'*  similar  to  the  paper  read  by  the  late- 
George  S.  Morison,  Past-President,  Am.  Soc.  C.  £.,  some  eight 
years  ago,t  the  speaker  would  place  it  in  the  same  line  with  the 
latter,  as  a  work  of  merit  and  interest.  The  design  described  possesses 
features  which  are  worth  examining  and  which  may  find  practical  ap- 
plication  in  the  construction  of  suspension  bridges. 

The  foremost  feature,  as  indicated  in  the  title  of  the  paper,  is  the 
form  of  stiffening  construction,  in  the  shape  of  an  inverted  braced 
arch.  This  system  has  often  been  applied  to  smaller  bridges,  but,  the 
speaker  agrees  with  Mr.  Linden  thai,  it  may  also  be  adapted  with 
advantage  to  large  bridges,  though  he  does  not  agree  with  him  that 
it  is  the  only  rational  stiffening  construction,  as  the  paper  seems  to 
indicate.  Mr.  Lindenthal  is  overestimating  the  merits  of  his  design, 
by  attributing  to  it  too  many  good  qualities. 

As  a  special  feature  of  the  design,  it  is  pointed  out  by  the  author 
that  the  height  of  the  stiffening  construction  is  greatest  at  the  points 

*  This  discussion  (of  the  paper  by  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E.,  printed  tn 
Proceedings  for  August.  1901),  is  printed  in  Proceedings  in  order  that  the  Tieiiv 
expressed  may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  November  )i&th,  1904,  will  be  pub> 
lished  subsequently. 

t  Transact ioTiM,  Am,  Soc.  C.  E.,  Vol,  XXXVl,  p.  859. 
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of  the  greatest  moments.     The  same  feature  is-contaiBed  in  the  Point  Mr.  HUden- 
Bridge,  at  Pittsburg,  built  in  1875,  which,  altogether,  represents  pre- 
cisely the  same  theoretical  principles  as  the  present' design. 

It  is  certainly  good  construction,  to  give  a  stiffening  truss  the 
greatest  height  at  the  right  place,  but  it  is  doubtful  whether  it  is 
economical  in  this  case,  because  the  bottom  chord  (or  at  the  Point 
Bridge,  the  top  chord)  runs  to  the  top  of  the  towers.  As  it  would  be 
very  injudicious  to  transfer  the  wind  pressure  to  the  top  of  a  slender 
column,  special  wind  chords  become  necessary,  which,  as  seen  from 
the  strain  diagram,  are  almost  as  heavy  as  the  bottom  chords  them- 
selves. 

In  regard  to  the  artistic  effect,  the  drawings  and  pictures  do  not 
convey  a  complete  idea.  They  give  merely  the  outlines,  which  are 
pleasing,  and  show  the  appearance  of  the  bridge  from  a  great  distance, 
but  the  speaker  is  sure  that  the  large,  latticed,  box-shaped,  bottom 
chords  and  posts  running  high  up  in  the  air,  will  be  an  unpleasant 
disturbance  to  the  eye  of  an  observer  who  is  on  the  bridge  itself.  The 
beauty  connected  with  an  open  suspension  bridge  will  be  lost,  and 
this  bridge  will  not  differ  in  appearance  from  that  of  a  truss  or  canti- 
lever bridge. 

£yidently,  there  are  reasons  why  all  engineers  do  not  believe  in  the 
superiority  of  the  braced-arch  system.  This  is  demonstrated  by 
examples  of  suspension  bridges  recently  built.  The  speaker  will  not 
refer  to  the  Williamsburgh  Bridge,  because  it  has  wire  cables,  but  the 
new  Elizabeth  Bridge,  at  Buda  Pest,  may  be  mentioned,  as  the  author 
himself  has  often  quoted  it  as  a  model  of  modem  engineering.  This 
bridge  has  eye-bar  chains  and  other  features  in  common  with  the 
Lindenthal  design,  but  it  is  made  rigid  with  stiffening  trusses,  and 
not  by  the  braced-arch  system. 

Of  American  engineers,  the  speaker  will  quote  the  opinion  of  Mane- 
field  Merriman,  M.  Am.  Soc.  G  E.,  who  was  a  member  of  the  board 
of  engineers  called  upon  to  examine  the  possibility  and  feasibility  of 
executing  Mr.  Idndenthars  plans  for  the  Manhattan  Bridge.  In  his 
book,  *•  Higher  Structures'*  published  in  1898,  Professor  Merriman 
concludes  a  paragraph  on  stiffening  systems  of  suspension  bridges  with 
the  following  words: 

"The  suspension  truss  with  center  hinge  is  more  rational  and  more 
effective  than  one  with  unbroken  chords.  If  these  laws  of  development 
hold  good  for  very  long  spans,  the  system  of  bracing  the  cables,  and 
thus  introducing  complexity,  does  not  seem  to  be  in  the  right  direc-  • 

tion." 

Another  American  engineer,  Joseph  Mayer,  M.  Am.  Soc.  0.  E. , 
whose  reputation  as  a  mathematician  is  well  established,  states  that  he 
made  a  comparison*  between  a  stiffening  truss  and  an  inverted  braced 

* '"The  Stiffening  System  of  Long-Span  Suspension  Bridges  for  Railway  Trains/' 
Transactiojis^  Am.  Soc.  C.  E.,  Vol.  XLvIT!,  p.  8(71. 
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Mr.  Hildea-  arch  for  a  railroad  bridge  of  3  000  ft.  span,  and  found,  by  calculating 
separate  strain  sheets,  that  the  braced  cable  wonld  weigh  over  5  000 
lb.  per  lin.  ft.  more,  than  if  stififened  by  trasses.     He  says: 

**In  view  of  the  practical  impossibility  of  calculating  accurately 
the  braced-chain  design,  and  of  adjusting  it  as  assumed  in  the  calcula- 
tions, the  unit  stresses  ought  to  be  taken  at  least  5%  less  in  this  design 
than  in  the  design  with  three-hinged  suspended  trusses,  if  the  same 
degree  of  safetv  is  aimed  at. 

**  This  would  make  the  difference  in  economy  between  the  two  de- 
signs still  larger. " 

These  examples  show  that  distinguished  engineers  in  America  and 
Europe  prefer  other  stiffening  methods  than  the  braced-cable  system. 

The  strongest  argument,  if  correct,  against  the  usefulness  of  this 
system,  is  furnished  by  Mr.  Linden  thai  in  the  following  words  of  his 
paper: 

**  The  only  recommendation  of  stiffening  trusses  is  that  of  a  con- 
venient construction  independent  of  the  cable,  which  can  be  made  more 
or  less  efficient  or  costly  as  may  suit  the  fancy  of  the  designer,  or  the 
financial  resources  of  the  owners,  frequently  on  the  principle,  *  that  half 
a  loaf  is  better  than  no  bread. ' 

*'  From  a  scientific  point  of  view,  the  stiffening  truss  is  a  crude  de- 
vice, as  compared  with  other  modes  of  stiffening,  which  do  not  permit 
of  the  same  laxity  in  dimensioning.*' 

In  other  words,  Mr.  Lindenthal  states  that  stiffening  trusses  can 
be  constructed  with  any  desired  degree  of  rigidity  or  flexibility  and 
cost,  but  that  the  braced  arch  has  but  one  rigidity,  one  dimension, 
and  one  cost.  The  speaker  does  not  share  this  view,  that  the  braced 
arch  could  not  be  proportioned  for  various  flexibilities;  but,  if  this 
were  true,  the  braced  cable  would  be  the  most  impractical  of  all 
stiffening  methods,  because,  rationally,  it  could  only  be  used  in  rare 
and  isolated  cases  for  railway  bridges,  and  would  be  prohibitory  for 
the  construction  of  highway  bridges. 

A  hungry  man  (using  the  author's  parallel),  who  is  wise,  takes  half 
a  loaf  if  he  cannot  get  a  whole  one,  and  if  the  inverted  braced  arch 
represents  the  whole  loaf,  it  cannot  readily  be  sold,  as  there  are  too 
few  people  who  are  able  to  pay  for  it. 

What,  for  instance,  would  have  become  of  the  intercourse  between 
Brooklyn  and  New  York  if  the  people  of  those  cities  had  not  accepted 
the  Brooklyn  Bridge,  which,  in  Mr.  LindenthaPs  estimation,  seems 
to  possess  only  the  value  of  a  quarter  loaf?  On  the  other  hand,  have 
the  people  fared  badly  because  they  did  accept  it?  The  answer  to  the 
first  question  is  that  there  would  be  no  bridge  to-day,  but  plenty  of 
annoyance;  and  the  answer  to  the  second  question  is  that  the  people 
have  fared  well,  and  are  the  owners  of  a  large  bridge  which,  every  year, 
carries  100  000  000  passengers  safely  and  comfortably  without  a  single 
person,  excepting  Mr.  Lindenthal,  ever  knowing  or  noticing,  that  the 
bridge  is  not  **  scientifically  stiff'." 
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This  leads  to  the  qnestion  of  rigidity  of  suspension  bridges.  Mr.  Hilden- 

It  appears  from  Mr.  Lindenthal*s  paper  that  the  chief  aim  of  his 
design  is  extreme  rigidity,  which  he  considers  the  paramount  quality 
of  a  suspension  bridge.  Even  strength  and  economy  are  subordinate 
to  stiffness.  Bridges  with  less  stiffness  than  is  attributed  to  his  design 
are  styled:  limber,  undulating,  improperly  or  unscientifically  designed, 
inferior,  •*  makeshifts." 

Some  of  these  epithets  may  be  applicable  to  some  old  bridges, 
where  the  speed  of  travel  used  to  be  restricted,  but  Mr.  Lindenthal 
extends  them  also  to  bridges  where  such  restriction  does  not  exist, 
simply  because  their  rigidity  does  not  reach  the  degree  which  he  con- 
siders standard. 

The  question  is,  what  is  the  standard?  There  is  none;  but  the 
speaker  would  like  to  ask,  which  of  the  following  two  suggestions 
seems  to  be  the  more  practical  and  sensible:  One  specifying  that  a 
bridge  should  conform  to  the  theory  and  formulas  of  a  certain  profes- 
sor, with  strict  limits  as  to  the  deflection  under  enormous  loads, 
regardless  of  cost,  or  one  specifying  simply  that  the  bridge  must  be 
capable  of  carrying  its  intended  traffic  with  perfect  safety  and  comfort 
to  travelers,  regardless  of  the  amount  of  deflection,  but  not  to  exceed 
a  certain  cost?  It  is  not  absolutely  necessary  that  these  two  specifica- 
tions must  be  separated;  but,  if  they  are,  the  speaker  would  select  the 
second  as  a  scientifically  practical  design,  which  would  be  chosen  by 
capitalists,  while  the  former  would  have  only  mathematical  merit,  and 
might  be  chosen  by  theorists. 

Referring  again  to  the  Brooklyn  Bridge,  the  speaker  would  ask,  is 
there  anyone  who  was  ever  prevented  from  crossing,  or  who  was  incon- 
venienced while  crossing  that  bridge  on  account  of  insufficient  rigid- 
ity of  the  floor?  Has  anyone  over  heard  or  read  of  any  complaint  that 
the  flexibility  of  the  bridge  had  restricted  or  retarded  traffic?  The 
speaker  has  never  heard  of  such  complaint,  and  claims  that  the 
Brooklyn  Bridge  is  practically  and  scientifically  stiff,  notwithstanding 
occasional  statements  to  the  contrary  by  people  who  have  never  taken 
the  trouble  to  obtain  the  proper  information. 

Mr.  Lindenthal  states  that  if  the  tracks  of  the  middle  span  were 
loaded  with  cars  and  the  side  spans  unloaded,  that  the  stiffening 
trusses  would  be  wrecked,  if  not  the  whole  structure.  The  speaker 
would  like  to  see  this  statement  proved  by  exact  calculations  before 
answering  it.  He  knows  that  it  is  not  true,  if  tbe  load  does  not  much 
exceed  2  000  lb.  per  lin.  ft.,  for  which  the  bridge  was  calculated. 
Many  unproved  assertions  are  hastily  made  and  carelessly  repeated 
which  do  injustice  to  a  structure  and  its  builder  or  builders.  It  is 
but  just  to  the  latter  that  such  statements  are  either  proved  or  re- 
tracted. 

Both  Mr.  Lindenthal  and  Mr.  Moisseiff  describe  correctly  the  dif- 
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Mr.  Hllden-  ference  between  an  upright  arch  and  a  catenary  or  inverted  arch,  vh.^ 
that  .the  former  is  in  unstable  and  the  latter  in  stable  equilibrium. 
Mr.  Lindenthal  continues : 

^'To  that  condition  many  badly  designed  suspension  bridges  owe 
•     their  life;  it  covers  a  multitude  of  sins  against  good  engineering." 

Mr.  Moisseiff  thinks  that  it  is  *'  inducive  to  the  sound  sleep  of  the 
engineer. "  The  speaker  draws  exactly  the  opposite  conclusions.  If  a 
suspension  bridge  owes  its  life  to  the  stable  equilibrium  of  the  cable, 
the  engineer  who  built  it  committed  no  si^  if  he  took  advantage  of 
that  good  quality  of  a  catenary  and  relied  upon  it;  and  his  engineer- 
ing is  better  and  he  is  more  wide-awake  than  the  engineer  who  throws 
away  the  free  gifts  of  Nature,  and  who,  after  having  seen  an  upright 
arch,  does  not  look  farther,  but,  by  artificial  means,  forces  the  inverted 
arch  into  a  condition  which  it  already  possesses  naturally.  To  do  so 
seems  to  be  as  injudicious  as  constructing  a  hanger  from  which  & 
weight  is  suspended,  like  a  column  which  supports  a  weight  on  top. 

The  author  further  says:  ''Every  suspension  bridge  is  theoretically 
an  inverted  arch  bridge."  This  may  be  true,  but,  practically,  there  is 
a  great  difference  between  the  two,  because  an  arch  bridge  must  be 
almost  absolutely  stiff  or  it  collapses,  while  a  suspension  bridge  can 
be  absolutely  limber  without  collapsing. 

The  speaker  does  not  wish  to  be  misunderstood  as  arguing  or  ad- 
vocating that  a  suspension  bridge  should  be  without  any  rigidity; 
this  is  not  at  all  his  view,  as  he  has  shown  practically  in  the  bridges 
he  has  built.  To  be  serviceable,  a  bridge  should,  and  must,  have 
sufficient  rigidity,  but  the  speaker  believes  in  the  judiciousness  of 
varying' the  rigidity  according  to  the  demands  and  conditions  of  each 
case.  Mr.  Lindenthal,  on  the  other  side,  urges  the  greatest  possible 
rigidity  in  all  cases,  and  a  bridge  without  it,  though  it  may  be  suffi- 
ciently stiff,  is,  in  his  view,  only  a  **  makeshift."  The  extreme  to 
which  Mr.  Lindenthal  goes  is  best  shown  in  his  own  words: 

'•The  merit  *  *  *  of  a  bridge  structure,  ♦  *  *  can  be 
gauged  by  no  other  criterion  so  reliably  as  by  the  degree  of  rigidity." 

**A  suspension  structure,  to  be  comparable  with  other  bridge 
systems,  *  *  *  must  be  dimensioned  on  the  same  conditions  of 
strength  and  stability.  When  that  is  done  its  vaunted  economy 
vanishes. " 

The  last  sentence  is  perfectly  true,  but,  if  the  principle  expressed 
in  the  preceding  sentence  is  carried  out,  not  only  the  economy  will 
vanish,  but  the  suspension  bridge  itself  will  go  out  of  existence.  Mr. 
Lindenthal  has  gone  as  far  as  to  publish'*'  pictures  showing  how  the 
Manhattan  Bridge,  if  built  on  his  plan,  would  look  if  placed  upside 
down,  compared  with  the  WiUiamsburgh  Bridge  if  reversed.  He  ac- 
tually used  these  pictures  as  an  argument  for  the  superiority  of  his 
♦  Engineering  News,  October  Igt,  1908. 
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design,  because  the  inverted  Manhattan  Bridge  would  stand  while  the  Mr.  Hiideo-  ^ 
inverted  Williamsburgh  Bridge  would  collapse! 

What  is  the  advantage  of  such  excessive  rigidity?  There  is  abso- 
lutely none.  Is  anything  or  anybody  benefited  by  it?  No.  Bridges 
are  not  built  to  be  put  upside  down  or  to  satisfy  certain  abstract  ana- 
lytical formulas.  They  are  for  practical  use,  and  a  bridge  which  is 
safe  and  answers  fully  its  intended  purpose,  and,  also,  is  built  at  the 
least  expense,  is  more  of  a  scientific  slructure  Ihan  one  which  can 
boast  of  nothing  but  excessive  rigidity. 

To  sum  up:  The  speaker  will  repeat  that  Mr.  LindenthaVs  paper, 
theoretically  and  constructively,  is  a  meritorious  contribution  to 
suspension  bridge  literature,  for  which  much  credit  is  due  him.  If 
the  paper  had  been  confined  to  a  decription  of  the  design  in  which 
his  theories  and  detailed  constructions  were  exemplified,  the  speaker's 
discussion,  if  presented  at  all,  would  have  been  short.  Mr.  Linden- 
thai,  however,  has  connected  with  his  paper  statements  referiing  to 
other  engineering  structures  and  to  special  engineering  principles, 
which  are  the  cause  of  this  more  lengthy  discussion. 

First,  it  must  be  inferred  from  the  paper  that  the  inverted  braced 
arch  is  the  best,  if  not  the  only  rational,  stiffening  system.  The 
speaker  has  shown  that  distinguished  engineers  of  America  and  Europe 
hold  different  opinions. 

Second,  the  speaker  has  argued  that  bridges  built  on  different  sys- 
tems and  different  principles  are  not  ''makeshifts,"  as  they  are  styled 
by  Mr.  Lindenthal,  and  that  the  Brooklyn  Bridge,  which  is  men- 
tioned specially  in  the  paper,  fulfils  its  purpose  and  all  the  conditions 
for  which  it  was  designed. 

Third,  Mr.  Lindenthal  has  attempted  to  establish  a  sttiindard  for 
the  rigidity  of  suspension  bridges,  and  the  speaker  has  shown  that 
this  standard  is  based  on  arbitrary  and  unscientific  assumptions;  that 
it  is  uselessly  severe  and  extravagant,  and' that  it  leads  to  absurdities 
if  carried  to  the  extreme. 

Probably  the  essence  of  the  whole  of  Mr.  Lindenthal's  paper  may 
be  comprised  in  this:  That  a  suspension  bridge,  in  order  to  be  prop- 
erly designed  should  have  the  highest  attainable  rigidity;  while  the 
essence  of  the  speaker's  whole  discussion  may  be  expressed  in  the 
words  that  a  suspension  bridge,  if  properly  designed,  should  have 
the  greatest  possible  flexibility  which  is  compatible  with  safety  and 
the  practical  purpose  of  the  bridge. 

Joseph  Mateb,  M.  Am.  Soc.  C.  E. — The  title  of  this  paper  suggests  Mr.  Mayer, 
that  previous  forms  of  stiffened  su8pen8ion  bridges  are  irrational,  and 
the  body  of  the  paper  contains  various  assertions  condemniog  other 
forms  which  have  been  developed  by  experience  and  which  are  justi- 
fied mainly  by  two  fundamental  facts  which  have  controlled  the 
growth  of  saspension-bridge  design  in  the  past  and  will  do  so  in  the 
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Mr.  Mayer,  ftittire.  These  two  facts  are  the  superior  strength  of  steel  wire  and 
the  difficalty  of  making  satisfactory  connections  between  a  wire  cable 
and  the  web  members  of  a  stiffening  trass.  The  independent  stiffen- 
ing truss  has  been  a  necessary  consequence  of  these  two  facts.  The 
expense  of  wirework  limits  the  economic  usefulness  of  suspension 
bridges  to  long  spans. 

Highway  bridges  of  more  than  800  ft.  span,  and  railway  bridges  of 
more  than  1  300  ft.  span,  can,  under  favorable  conditions,  when  rock 
anchorages  are  available,  be  built  economically  of  the  suspension 
type.  The  speaker  designed  a  cantilever  and  a  suspension  bridge 
across  Sydney  Harbor  with  a  span  of  about  1  300  ft. ,  for  a  double-track 
railway  and  a  60-ft.  highway.  The  bids  submitted  for  both  designs 
were  nearly  the  same.  Natural  rock  anchorages  were  available. 
Subsequently,  he  designed  another  suspension  bridge  for  the  same  site. 
The  design  was  found  to  be  by  far  the  lightest  of  many  cantilever  and 
suspension-bridge  designs  submitted.  The  specifications  for  both 
kinds  of  bridges  were  substantially  identical.  For  much  less  than 
1  300  ft.  span,  a  railway  suspension  bridge  is  uneconomical  and  can- 
not compete  with  a  cantilever  bridge.  At  Quebec  the  chief  engineer 
in  charge  preferred  the  cantilever  type,  and  stated  that  a  suspension 
bridge  would  only  be  considered  if  there  was  a  difference  in  cost  of  at 
least  $500  000  in  its  favor.  Wire  cables  of  more  than  200  000  lb.  ulti- 
mate strength  and  180  000  lb.  elastic  limit  per  square  inch  cost  erected 
at  most  two  and  one-half  times  as  much  per  pound  as  eye-bar  cables 
made  of  nickel  steel  of  one-qaarter  the  elastic  limit.  The  bar  heads 
and  pins  of  the  latter  add  about  25%  to  the  weight  of  continuous  bars 
of  the  same  strength.  This  shows  that  wire  cables  cost  only  one-half 
and  weigh  about  one-fifth  as  much  as  eye-bar  cables  of  the  same 
strength.  The  difference  in  weight  becomes  of  extreme  importance 
for  very  long  spans. 

A  suspension  bridge  of  three  spans  made  of  eye-bar  cables  is  inferior 
in  economy  to  a  cantilever  bridge.  The  type  of  bridge  recommended 
in  the  paper,  therefore,  could  only  claim  superiority  on  account  of 
its  appearance.  The  pictures  published  of  the  design  proposed  are 
deceptive  because  they  do  not  show  the  cross-bracing  between  the 
stiffening  trusses,  which  will  detract  greatly  from  the  graceful  appear- 
ance secured  by  the  use  of  cables  without  bracing. 

A  cantilever  bridge  can  be  built  on  substantially  the  same  outlines 
as  the  bridge  proposed  by  the  author;  it  is  much  stiffer,  which,  in  the 
opinion  of  the  author,  gives  it  superiority,  and  it  is  far  cheaper  and 
looks  equally  well. 

To  abandon  wire  cables  means  practically  to  abandon  all  the  ad- 
vantages of  a  suspension  bridge.  Any  suspension  bridge  without 
wire  cables,  therefore,  can  hardly  claim  to  be  called  pre-eminently 
rational.     One  of  the  great  advantages  of  the  suspension-bridge  type 
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of  structure  is  the  possibility  of  building  a  perfectly  safe  bridge  which  Mr.  Mayer, 
will  show  very  little  deformation  under  the  usual  highway-bridge 
loads,  and  which  will  avoid  excessive  stresses  under  partial  loads  ex- 
tending over  either  one-half  of  the  main  span  or  one  or  two  of  three 
spans.  This  advantage  can  be  secured  by  the  use  of  shallow  stiffen- 
ing trusses  which  are  indei)endent  of  the  cables. 

Such  partial  loads  may  never  occur  during  the  whole  lifetime  of 
the  bridge.  A  deflection  of  several  feet  at  the  center  or  the  quarter  of 
one  of  the  spans,  produced  by  such  imaginary  distribution  of  the  live 
load  is  no  disadvantage  whatever.  The  high  degree  of  stiffness  insisted 
upon  by  the  author  is  absolutely  useless  for  a  highway  bridge  or  for  a 
bridge  with  so  many  independent  units  of  load  as  will  use  any  East 
Biver  bridge  not  intended  for  heavy  steam-railway  trains. 

The  serviceableness  of  a  bridge  is  not  proportional  to  its  rigidity. 
A  certain  degree  of  rigidity  is  needed;  anything  beyond  is  useless. 
An  80-ft.  plate  girder  has  a  much  greater  deflection  than  an  80-ft. 
truss  bridge  of  equal  strength;  the  former  is  preferred  by  most,  in 
spite  of  it. 

The  degree  of  rigidity  required  is  very  different  for  a  bridge  used 
by  heavy  railway  trains  of  half  the  length  of  the  main  span  and  for  a 
highway  bridge  of  many  roadways  subject  mostly  to  approximately 
uniform  loads.  For  the  former,  a  three-span  suspension  bridge,  with 
the  side  spans  of  half  the  length  of  the  main  span,  is  very  unfavorable, 
unless  the  end  spans  are  held  in  the  center. 

In  most  situations  the  three-span  suspension  bridge,  for  railway 
purposes,  is  an  useconomical  type.  The  shallow  stiffening  truss,  which 
is  the  most  suitable  for  highway  suspension  bridges,  gives  too 
large  deflections  in  a  railway  bridge.  The  stiffening  truss  which 
reduces  the  deflections  just  sufBciently  for  the  needs  of  a  railway 
bridge  allows  so  little  deformation  of  the  cables  that  it  alone  has  to 
carry  the  larger  part  of  the  moments  and  shears  produced  by  partial 
loads.  A  much  deeper  stiffening  truss  than  required  for  stiffness  then 
becomes  economical,  for  securing  the  required  strength.  The  depths 
of  the  stiffening  truss  given  by  the  author  are  nearly  those  suitable 
for  a  railway  bridge. 

The  author's  assertions  in  regard  to  the  relative  size  of  the  tempera- 
ture stresses  in  hinged  and  continuous  stiffening  trusses  are  totally  in 
error,  as  the  writer  has  shown  in  his  discussion  with  him.*  A  deep 
stiffening  truss  must  be  hinged  in  the  center  and  at  the  ends  of  the 
main  span.  In  this  case  the  temperature  stresses  become  small.  For 
the  writer's  design  of  2  800  ft.  span,  of  the  Hudson  River  Bridge,  they 
amounted  to  less  than  A%  of  the  movirgload  stresses.  Without 
hinges,  a  deep  stiffening  truss  is  uneconomical  on  account  of  the  exces- 
sive temperature  stresses. 

*"  Engineering  Neics^  November  and  December,  1901. 
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Mr.  Mayer.  The  most  economical  depth  for  a  railway  suspension  biidge  stif- 
fening truss,  hinged  at  the  center  and  ends,  is  abont  one-eighteenth 
of  the  span.  This  depth  is  needed  at  the  center  of  the  half  span. 
The  economic  general  dimensions  of  each  half  span  are  about  those 
of  an  independent  span  of  the  total  length  of  the  half  span  of  the 
suspension  bridge. 

It  is  easy  to  design  a  center  hinge  allowing  vertical  motion  and 
yet  preserving  the  continuity  of  the  bottom  chords,  which  serve  as 
chords  of  the  lateral  truss;  the  drawback  of  a  center  hinge  mentioned 
by  the  author,  therefore,  does  not  exist. 

When  the  span  is  very  long  and  heavy  the  center  hinge  is  best 
designed  so  that  there  is  a  hinge  in  the  horizontal  wind  truss  as  well 
as  in  the  vertical  trusses.  The  lateral  truss  of  each  half  span  is  then 
separate.  The  cables  take,  in  this  case,  without  excessive  lateral  de- 
flection, the  wind  pressures  transferred  by  the  wind  trusses  to  the 
center  of  the  main  span.  The  wind  stresses  of  the  top  lateral  system, 
which  come  to  the  center  of  the  span,  must  be  taken  down  to  the 
bottom  chords  by  means  of  overhead  cross-bracing  with  brackets. 
The  weight  of  the  lateral  system  is  greatly  reduced  by  this  arrange- 
ment, since  each  lateral  truss  is  only  half  as  long  as  the  main  span. 
This  arrangement  was  adopted  in  the  writer's  design  of  the  Hudson 
Biver  Bridge,  and  was  approved  by  a  commission  of  eminent  en- 
gineers. 

The  author's  design  is  an  attempt  to  revive  an  almost  defunct 
type  of  bridge  which  is  much  inferior  in  economy  to  a  properly  de- 
signed wire  cable  suspension  or  a  cantilever  bridge,  and  much  inferior 
in  looks  to  a  suspension  bridge  with  a  shallow  stiffening  truss  offering 
abundant  stiffness  for  highway  traffic. 

One  feature  deserving  high  praise  in  the  design  of  the  author  is 
the  hinged  tower.  Such  a  tower,  however,  harmonizes  much  better 
with  light  unbraced  cables  than  with  heavy  braced  trusses.  It  has 
been  adopted  in  the  revised  design  of  the  cable  suspension  bridge  for 
the  same  site,  and  is  a  great  improvement  on  all  earlier  designs. 
Mr.  Buck.  ^-  ^-  Buck,  M.  Am.  Soc.  C.  E. — The  spandrel-braced  suspension 
bridge  is  a  most  interesting  study,  with  claims  to  merit  chiefly  due  to 
the  degree  of  rigidity  furnished  by  the  depth  of  trussing  at  the  quar- 
ters, which,  for  certain  service  and  conditions,  is  inadequately  furnished 
by  the  familiar  type  of  suspension  bridge,  with  dip  of  cable  and  depth 
of  truss  of  economical  proportions. 

Much  interest  is  added  to  the  subject  by  the  exhaustive  mathe- 
matical treatment  to  which  it  has  been  subjected  in  the  two  supple- 
mentary papers  by  Mr.  Moisseiff  and  Mr.  Cilley.*  But  the  "broad 
policy,  of  giving  the  city  the  benefit  of  the  advice,  criticism  and  expert 
knowledge  of  specialists  outside  of  the  department,"  to  which  Mr. 
•  Proceedings,  Am.  Soc.  C.  E.,  for  August,  1904,  pp.  614  and  668. 
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Cilley  refers  (p.  515),  was  oot  as  prolific  of  recorded  results  in  all  the  Mr.  Buck, 
phases  of  this  case  as  in  the  mathematical  treatment. 

It  may  be  unfortunate  that  bridge  design  and  construction  are  not 
more  exclusively  a  matter  of  mathematical  calculation;  but  it  is  a 
condition  which  cannot  yet  be  escaped  that  the  controlling  considera- 
tions in  gauging  the  rationality  of  a  bridge  design  are  based  upon 
Actual  experience,  rather  than  upon  the  attenuating  processes  of  the 
higher  mathematics.  While  mathematics  forms  an  essential  part  of 
the  foundation  of  bridge  designing,  it  has  serious  limitations,  most  of 
which  can  only  be  supplied  by  a  rational  study  of  accomplished 
works. 

While  there  will  probably  be  no  disposition  to  question  the  cor- 
rectness of  the  two  mathematical  demonstrations,  especially  as  they 
are  mutually  confirmatory  and  not  antagonistic,  adequate  knowledge 
of  the  controlling  physical  and  economic  conditions,  as  well  as  theories 
of  suspension  bridge  design,  construction  and  maintenance,  precludes 
acceptance  of  the  author's  implied  conclusion,  that  the  familiar  type 
of  wire-cable  bridge  is  hopelessly  wrong  in  principle,  as  well  as  thus 
far  imperfect  in  its  applications,  and  that  the  spandrel-braced  eye- 
bar  chain  type  is  the  ''rational"  solution  of  all  the  difficulties  and 
objections  found  in  the  other. 

The  present  high  development  of  the  art  of  bridge  construction  is 
due  rather  to  the  gradual  improvement  in  the  works  of  the  many  along 
familiar  lines  than  to  the  bold  conceptions  of  the  few  on  lines  radically 
■  new.  No  type  of  bridge  can  attain  a  high  degree  of  excellence  in  one 
or  two  applications.  In  such  complex  problems  several  applications 
are  necessary  to  develop  all  the  difficulties  and  prove  their  correct 
solutions. 

While  the  spandrel-braced  chain  bridge  may  in  time  become  as 
superior  as  the  author  now  considers  it,  its  superiority  can  hardly  be 
considered  as  proved  in  the  light  of  accomplished  facte;  no  more  than 
in  the  same  light  it  can  be  proved  that  the  controlling  principles  of 
the  wire-cable  suspension  bridge  are  unsound  and  inadequate. 

The  chief  claims  made  for  the  ''rational  form  of  stiffened  suspen- 
sion bridge  "  are 

1. — Greater  rigidity  and  consequent  general  superiority; 
2. — Superiority  of  details,  due  chiefly  to  pin  connections; 
3. — Greater  ease  and  speed  of  manufacture  and  erection; 
4 — Greater  economy,  chiefly  in  the  eye-bar  chains,  as  compared 
with  wire-cables. 

1. — The  greater  rigidity  of  the  spandrel-braced  chain  bridge,  as 
compared  with  the  wire-cable  bridge  with  a  stiflening  truss  of  prac- 
ticable depth,  is,  as  a  matter  of  theoretical  mechanics,  clearly  apparent, 
but  the  universal  value  and  certainty  of  proper  action  of  this  rigidity 
are  not  yet  demonstrated  either  theoretically  or  practically. 
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Mr.  Buck.  It  slioald  be  remembered  that  the  stresses  in  a  stiffened  suspension 
bridge  of  any  form  are  more  or  less  indeterminate  nnder  varying  con- 
ditions of  loads  and  temperature.  This  in  determination  cannot  be 
entirely  removed  by  mathematical  treatment,  nor  by  the  degree  of 
accuracy  of  adjustment  practicable  in  bridge  construction. 

When  a  high  degree  of  rigidity  is  imposed  upon  an  indeterminate 
structure,  the  risk  of  serious  consequence,  because  of  departure  from 
assumed  and  theoretical  conditions,  becomes  materially  greater  than 
in  a  structure  where  there  is  enough  flexibility  to  permit  any  over- 
loaded member  to  pass  part  of  the  overload  along  to  others  and  ob- 
tain relief. 

In  the  deep  spandrel  bracing  with  long  panels,  light  sections  with 
constant  reversals  in  the  stiffening  members  and  with  adjustable 
diagonals,  there  cannot  be  the  same  freedom  from  serious  indetermi- 
nate stresses  that  there  is  in  the  familiar  form  of  stiffening  truss  of 
moderate  depth  and  minimum  number  of  adjustable  members.  In  the 
rigid  attachment  of  comparatively  light  bracing  to  a  long,  broad  and 
massive  chain,  supported  independently  of  the  bracing,  maintenance 
of  assumed  conditions  within  proper  limits  is  not  assured. 

The  author  states  (p.  553)  that: 

*'  All  the  older  suspension  bridges  are  limber  and  undulating 
structures,  without  adequate  provision  against  deformation  under 
moving  loads." 

While  the  stiffening  systems  of  the  older  suspension  bridges  have 
not  proved  adequate  to  meet  the  excessive  and  unanticipated  demands 
on  their  strength  and  endurance,  there  are  very  few,  if  any,  cases  where 
failure  has  occurred,  except  when  the  loading  was  far  beyond  that 
provided  for.  Wherever  inadequacy  has  developed  or  failure  occurred 
it  has  been  due  to  imperfect  structural  details  or  to  imperfect  knowl- 
edge, in  designing,  of  the  actual  conditions  of  stress  created  by  the 
loading,  not  to  any  inherent  or  incurable  weakness  in  the  principle  of 
design. 

The  author's  illustrative  comparison  between  the  Forth  Bridge  and 
the  Brooklyn  Bridge  (p.  654)  ib  not  quite  clear  as  to  point,  especially 
as  the  Forth  Bridge  was  duly  designed  to  carry  the  load  which  he 
states  it  will  carry,  while  the  Brooklyn  Bridge  was  not  designed  to 
carry  the  load  which  he  states  would  wreck  it. 

The  failures  of  the  stiffening  system  of  the  Brooklyn  Bridge  were 
not  due  to  the  lack  of  rigidity,  but  primarily  to  the  improper  loading 
to  which  it  was  subjected,  and  secondarily  to  the  interference  with  its 
uniform  deflection  by  the  overfloor  stays,  coupled  with  the  inadequate 
form  of  section  of  the  bottom  chord.  These  are  conditions  and  details 
of  construction  readily  remedied,  and  not  at  all  inseparable  from  the 
general  form  of  design. 

In  suspension -bridge  design,  as  in  all  engineering  work,  the  most 
valuable  lessons  (ire  to  be  learned  from  a  rational  study  of  failures  and 
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tbeir  causes.     There  is  serious  insecurity  in  speculation  that  iudis-  Mr.  Buck, 
criminately  consigns  to  the  junk  heap  accomplished  works,  which, 
though  imperfect,  are  valuable  in  that  they  have  served  often  far  be- 
yond the  original  purpose  of  the  design,  and  have  marked  by  actual 
performance  sound  and  unsound  features  of  design. 

The  author  states  (p.  556) : 

*'  The  merit  and  serviceableness  of  a  bridge  structure,  other  things 
being  equal,  can  be  gauged  by  no  other  criterion  so  reliably  as  by  the 
degree  of  its  rigidity." 

Again  (same  page] : 

"  Absence  of  sufficient  rigidity  marks  the  inferior  bridge.'* 

^*  Rigidity  *'  is  a  term  often  misapplied  to  metal  structures  and 
confused  with  ** Stability  "  and  •*  Strength." 

^*  Sufficient  rigidity  "  is  the  condition  in  abridge  where  there  is  no 
overstraining  of  parts,  where  the  motion  of  parts  under  deflection  does 
not  occasion  wear,  and  where  the  deflection  is  not  so  great  as  to  im- 
pede traffic.  These  conditions  can  be  fully  met  in  the  familiar  type  of 
suspension  bridge,  and  at  the  same  time  permit  of  much  greater 
deflection  than  is  possible  with  safety  in  a  simple  truss,  arch,  canti- 
lever, or  spandrel-braced  chain  bridge. 

The  matter  of  deflections  in  suspension  bridges  was  fully  covered 
in  the  investigations  and  discussions  of  the  North  River  Bridge  project, 
whereby,  as  the  author  suggests,  **  Much  of  the  fog  that  surrounds  the 
theory  of  rigidity  was  cleared  away. " 

Major  Raymond,  in  referring  to  the  conclusions  of  the  Board  of 
Army  Engineers  appointed  to  investigate  this  project,  wrote  as 
follows:  * 

**  The  Army  Board  devoted  considerable  attention  to  this  question. 
It  remarked  that  '  the  great  distinction  between  the  stable  equilibrium 
of  a  suspension  bridge,  which  cannot  break  down  from  the  failure  of 
any  stiffening  member,  and  the  unstable  equilibrium  of  a  truss,  arch 
or  cantilever  bridge,  in  which  the  failure  of  a  member  may  involve  the 
collapse  of  the  entire  bridge,  ought  to  receive  full  recognition  in  the 
adoption  of  unit  stresses  and  safety  factors.'  Again,  the  Board  re- 
marked that  *  rigidity  is  in  this  case  of  much  less  importance  than  it 
is  in  most  other  kinds  of  bridges;  indeed,  it  may  be  shown  that  a  cer- 
tain small  flexibility  is  a  positive  advantage  in  suspension  bridges;' 
and  still  again,  '  the  Board  does  not  doubt  that  within  narrow  limits  a 
certain  degree  of  flexibility  is  an  advantage  to  the  bridge.  Deflections 
in  a  system  of  stable  equilibrium  do  not  impair  the  safety  of  the 
structure,  as  they  do  in  an  unstable  system  like  the  upright  arch,  and 
they  may  exert  a  very  beneflcial  influence  in  modifying  the  dynamic 
effects  of  a  rapidly  varying  live  load.' " 

Oeorge  S.  Morison,  Past-President,  Am.  Soc.  C.  E.,  wrote  as 
follows  :t 

"A  long  span  suspension  bridge  necessarily  changes  its  shape 
with  every  change  of  load,  and  changes,  too,  in  such  manner  as  to 

•  Tranaactians,  Am.  Soc.  C.  E.,  Vol.  ZXXVI,  p.  450. 
+  TransacUaiu,  Am.  Soc.  C.  E.,  Vol.  XiXVI,  p.  8«7. 
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Mr.  Buck,  relieve  local  strains,  every  uustiffeDed  suspension  bridge  having  some 
shape  of  perfect  equilibrium  for  every  possible  loading.  These 
changes  of  shape  play  an  important  part  in  proportioning  a  suspen- 
sion bridge,  and  so  long  as  they  are  kept  within  limits  which  do 
not  disturb  convenience  of  operation,  they  are  a  source  of  strength 
instead  of  weakness.  A  suspension  bridge  must  be  permitted  to 
change  its  shape  within  proper  elastic  limits,  and  this  change  of  shape 
must  be  made  the  basis  of  calculations  in  proportioning  the 
structure." 

The  foregoing  conclusions  have  long  remained  unquestioned,  and 
are  sound  principles  of  design,  established  by  practice  as  well  as  by 
theory. 

**  Sufficient  rigidity  "  is  not  a  fibbed  function  in  suspension  bridges 
for  all  classes. of  service.  This  must  be  much  greater  for  the  1 800- ft. 
railroad  bridge  at  Quebec  than  for  the  1  470-f t.  city  highway  bridge  re- 
quired in  the  case  of  the  Manhattan  Bridge.  In  the  former  case,  the 
stresses  in  the  stiffening  system,  due  to  the  heavy  trains  it  must  carry, 
will  be  great  and  frequent,  and  the  tendency  to  excessive  deflection 
will  be  present  with  every  passing  train.  In  the  latter,  the  loadings 
will  rarely  depart  so  greatly  from  uniformity  as  to  cause  considerable 
stiffening-truss  stresses  or  material  deflections.  No  loading  that 
could  possibly  occur  in  the  legitimate  use  of  the  bridge  could  cause 
serious  stresses  or  objectionable  deflections. 

In  this  case,  with  ample  strength  in  cables  and  suspenders,  high 
unit  stresses  can  be  allowed  in  the  stifiening  truss  with  perfect  safety, 
and  the  maximum  deflections  under  assumed  possible  conditions  of 
loading  can  be  regarded  as  of  only  theoretical  interest. 

The  speaker  fully  agrees  with  the  author  in  his  conclusion  (p.  554) 
that: 

**  A  suspension  structure,  to  be  comparable  with  other  bridge  sys- 
tems, therefore,  must  be  dimensioned  on  the  same  conditions"  of 
strength  and  stability." 

In  fact,  all  suspension  bridges  are  stronger  and  more  stable  than 
other  forms  of  construction,  not  only  on  account  of  being  in  stable 
equilibrium,  but  because  they  are  generally  built  with  a  greater  factor 
of  safety  in  the  most  vital  parts — cables  and  suspenders. 

There  is  far  more  strength  and  greater  security,  in  the  thoroughly 
tried  material  and  high  safety  factors  of  the  wire  cables  and  sus- 
penders, than  can  be  supplied  by  the  increased  rigidity  due  to  deep 
spandrel  bracing. 

The  minimum  elastic  limit  of  the  steel  wire  to  be  used  in  the  cablee 
of  the  Manhattan  Bridge  is  180  000  lb.  per  sq.  in.  The  allowed  stress 
under  maximum  working  load  is  60  000  lb.  per  sq.  in.  The  factor  of 
safety  is  3. 

The  minimum  elastic  limit  of  the  nickel-steel  in  eye-bars  specified 
for  the  same  bridge  is  48  000  lb.  per  sq.  in.  The  allowed  stress  under 
maximum  working  load  is  30  000  lb.  per  sq.  in.     The  factor  of  .safety 
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is  1.6.     Therefore,  the  strength  of  the  cables,  based  on  elastic  limits,  Mr.  Buck, 
is  almost  twice  as  great  as  that  of  the  chains. 

While  the  uncertainty,  which  now  surrounds  the  successful  and 
economical  manufacture  of  18  by  2-in.  nickel-steel  eye-bars,  may  in 
time  be  removed,  it  has  not  yet  been  removed,  and  the  likelihood  of 
the  existence  of  a  defective  component  unit,  and  the  injury  there- 
from, are  many  times  greater  in  a  chain  than  in  a  cable.  This  cannot 
be  compensated  by  rigidity. 

The  author  states  (p.  556)  that: 

'*  From  a  scientific  point  of  view,  the  stiffening  truss  is  a  crude 
device,  as  compared  with  other  modes  of  stiffenmg,  which  do  not 
permit  of  the  same  laxity  in  dimensioning. " 

He  then  proceeds  to  demonstrate  this  from  the  evolution  of  the 
arch,  on  the  hypothesis  that  **  every  suspension  bridge  is  theoret- 
ically an  inverted  arch  bridge. "  The  analogy  between  the  arch  and  the 
suspension  bridge  is  extremely  narrow,  and  is  confined  to  the  fact  that 
the  cable  of  the  suspension  bridge  and  the  rib  of  the  arch  produce 
horizontal  reactions  and  are  both  treated  in  calculations  as  force  poly- 
gons. In  possibilities  of  span,  in  construction,  in  instability  of 
equilibrium  and  consequent  necessity  for  greater  rigidity,  the  arch  is 
wholly  removed  from  the  suspension  bridge,  and  is  an  extremely  inad- 
equate basis  for  rational  conclusions  regarding  the  latter. 

The  author's  **  principal  difference  " — stable  equilibrium  in  the 
one  case  and  unstable  equilibrium  in  the  other — completely  destroys 
the  practical  value  of  the  analogy. 

2.— The  author  states  (p.  562)  that: 

''The  advantages  of  pin  connections  with  the  bracing  and  sus- 
penders, and  of  manufacturing  and  erecting  the  superstructure  as  a 
connected  whole,  are  too  obvious  for  extended  description." 

It  is  hoped  that  the  author  will  ultimately  furnish. the  ''extended 
description  "  withheld,  as  the  merits  of  pin  connections  are  not  recog- 
nized as  universally  as  he  infers. 

Apparently,  there  has  been  some  change  in  the  author's  views 
since  he  stated,  of  the  study  of  a  North  Biver  bridge  design,  by  Mr. 
George  S.  Morison,  that:  *«  *  ♦  ♦  *  Another  good  feature  of  his  stif- 
fening truss  is  the  riveted  connectionp,  with  web  members  riveted  up 
also  at  their  intersections.  It  greatly  helps  to  diffuse  the  bending 
strains  throughout  the  frame,  and  the  so-called  secondary  strains  at 
all  the  connections  and  intersections  are  a  decided  gain  on  the  side  not 
only  of  greater  stiffness,  but  greater  safety,  contrary  to  the  received 
theoretical  considerations  on  this  subject." 

"The  received  theoretical  considerations  on  the  subject"  are  pre- 
sumably the  prejudices  in  favor  of  pin  connections. 

In  bridge  practice,  pin  connections  have  been  greatly  superseded 
by  riveted  connections. 

♦  TranaactiofM,  Am.  SocTc.  E.,  Vol.  XXXVl,  p.  444. 
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Mr.  Buck.  It  has  been  found  that  pins  wear  seriously  when  members  assem- 
bled in  them  are  subject  to  frequent  reversals.  EspeciaUy  is  this  the 
case  in  suspension  bridges  where  the  diagonal  members  of  the  stiffen- 
ing system  are  adjustable  rods.  This  feature  is  the  most  serious  ele- 
ment of  weakness  and  deterioration  in  the  Brooklyn  Bridge,  not  its 
lack  of  rigidity.  It  was  a  serious  element  of  weakness  in  the  Niagara 
Railway  Suspension  Bridge.  In  both  cases,  the  constant  shifting  of 
the  rods  on  the  pins  caused  wear  and  loss  of  adjustment.  On  the 
Brooklyn  Bridge  there  has  been  quite  extensive  renewal  of  pins  and 
diagonal  bars. 

In  the  designs  covered  by  the  author's  paper,  there  must  inevit- 
ably be  the  same  shifting  of  the  diagonals  on  the  pins  with  every 
passing  load.  While  the  wearing  action  in  this  case,  of  course,  would 
not  be  as  great  as  in  the  Brooklyn  and  Niagara  Bridges,  it  must  exist. 
The  narrow  limits  of  deflection  of  a  spandrel-braced  chain  bridge 
w^ould  not  prevent  this  wear,  as  the  amount  of  distortion  necessary  to 
cause  the  shifting  is  very  small.  Should  it  be  attempted  to  put  such 
initial  stress  on  the  diagonals  that  they  could  not  shift  on  the  pins, 
except  under  unusual  loads,  there  would  be  likelihood  of  serious 
overstressing  due  to  temperature  changes,  as  well  as  to  serious  inde- 
termination  in  the  stresses. 

This  is  evidently  recognized  by  the  author,  as  he  states  (p.  560): 
**  It  should  be  remarked  that  in  this  system  it  is  preferable  that  the 
cable  assume  its  proper  equilibrium  curve  under  full  dead  load,  and 
that  the  diagonals,  which  are  without  strain  at  middle  temperature, 
be  made  adjustable  in*  length.  The  diagonals  are  strained  only  from 
live  load  and  temperature  changes. " 

In  the  later  designs  of  wire-cable  suspension  bridges,  the  use  of 
adjustable  members  and  pins  is  reduced  to  a  minimum,  the  trusses 
being  riveted  throughout.  In  such  trusses,  flexure  can  take  place 
without  wear,  and,  on  account  of  their  shallowness,  deflection  can  be 
much  greater,  without  injurious  effect,  than  can  occur  under  the 
heaviest  possible  traffic. 

The  advantage  of  the  so-called  "  positive  attachment "  of  the  sus- 
penders to  the  chaiud  by  pins,  over  the  attachment  to  the  cables  by 
bands,  is  not  apparent.  The  older  forms  of  cable  bands,  despite  their 
crudeness  and  the  weak  grip  they  have  on  the  cables,  have  proved  re- 
markably efficient,  and  have  given  very  little  trouble.  They  some- 
times slip  when  first  put  on,  but  it  is  a  simple  matter  to  check  this 
and  restore  adjustment. 

A  cable  band  can  be  provided  with  almost  any  degree  of  grip  on 
the  cable,  which  will  be  as  positive  as  can  possibly  be  required,  even 
by  the  demands  of  suspender  loads  greater  than  have  yet  been  pro- 
vided for. 

Fig.  8  shows  the  cable  bands  of  the  Brooklyn  Bridge,  the  Williams* 
burgh  Bridge  and  the  Manhattan  Bridge. 
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It  can  hardly  be  qnestioned  that,  as  the  first  has  proved  reasonably  Mr.  Buck, 
efficient  and  satisfactory,  the  others  are  amply  so. 

In  the  cable  design,  the  floor  system  is  connected  with  the  stiffen- 
ing system  in  such  a  manner  that  the  latter  distributes  the  moving 
panel  loads  and  their  impact  effects  over  a  number  of  suspenders.  In 
the  chain  design,  the  suspenders  are  interposed  between  the  floor 
beams  and  the  stiffening  trusses,  and,  without  any  relief  from  the 
trusses,  must  receive  the  full  dynamic  effect  of  the  moving  loads.  In 
other  words,  the  suspenders  are  merely  more  or  less  lengthened  floor- 
beam  hangers — a  form  of  construction  now  avoided  when  possible. 

In  the  cable  design,  it  is  an  added  element  of  security,  as  compared 
with  the  chain  design,  to  have  more  points  of  attachment  between  the 
fiuspended  structure  and  the  cables.  In  the^aseof  the  Manhattan 
Bridge,  these  are  about  43  ft.  apart  in  the  chain  design  and  18  ft. 
apart  in  the  cable  design.  The  more  numerous  the  suspenders,  the 
less  serious  the  effect  of  a  defective  unit,  and  the  better  the  distribu- 
tion of  the  load  into  the  cables. 


MANHATTAN  BRIDGE. 
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3.— It  is  difficult  to  make  a  positive  comparison  between  the  eye- 
bar  chain  and  wire  cable,  in  the  matter  of  time  and  cost  of  construc- 
tion, as  what  can  be  accomplished  in  the  former  case  is  wholly  a 
matter  of  conjecture. 

Previous  to  the  construction  of  the  cables  of  the  Williamsburgh 
Bridge,  it  was  quite  generally  supposed  that  wire- cable  construction 
must  necessarily  consume  a  serious  length  of  time. 

In  this  case,  the  time  actually  consumed  in  stringing  the  wires  of 
the  cables  was  seven  months,  including  time  lost  on  account  of 
weather,  the  work  being  carried  on  during  the  winter. 

There  were,  of  course,  many  serious  delays,  but  causes  for  the 
greater  part  of  these  were  wholly  foreign  to  the  method  of  consti no- 
tion; while  those  for  which  it  was  responsible  are  now,  in  the  light  of 
the  experience  acquired,  capable  of  being  reduced  materially  or 
avoided  altogether. 
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Mr.  Buck.  Causes  for  delay  invariably  attend  novel  methods  of  constmctioD 
in  greater  nambers,  where  difficulties  must  &rst  be  developed  by  ac- 
tual performance  and  then  the  means  of  surmounting  them  be  worked 
out. 

In  cable  construction,  all  the  essential  problems — both  economical 
and  structural — pertaining  to  the  manufacture  of  material  and  erec- 
tion have  been  solved. 

In  the  construction  of  eye-bar  chains  of  the  size  proposed  by  the 
author,  most  of  the  essential  problems  pertaining  to  commercial 
manufacture  of  material  and  erection  must  yet  be  solved,  whether  the 
chains  be  madQ  of  wire  links  or  nickel-steel  eye-bars. 

In  the  case  of  the  chains,  the  temporary  bridge  required  for  erec- 
tion must  be  many  times  stronger  and  heavier  than  would  be  required 
in  the  construction  of  the  cables,  and,  while  threading  18-in.  eye-bars 
weighing  3}  or  4  tons  on  18-in.  pins,  under  distinctly  difficult  condi- 
tions, may  be  economical  and  expeditious,  in  the  absence  of  explicit 
demonstration  to  that  effect,  skepticism  is  at  least  pardonable. 

4. — The  author,  in  the  course  of  his  paper,  makes  several  state- 
ments regarding  the  economy  of  features  of  the  spandrel-braced  chain 
design,  and  lack  of  economy  of  the  wire-cable  design,  from  which  it  is 
natural  to  infer  that  he  wishes  to  convey  the  impression  that  the 
former  as  a  whole  is  distinctly  more  economical  than  the  latter. 

While  this  point  is  not  capable  of  conclusive  and  specific  settle- 
ment at  the  present  time,  on  account  of  the  lack  of  adequate  informa- 
tion on  which  to  base  the  cost  of  a  spandrel- braced  chain  bridge  of 
the  proportions  of  either  the  Manhattan  or  the  Quebec  Bridge,  there 
are  certain  established  facts  which  tend  strongly  to  prevent  the  for- 
mation of  this  impression. 

The  relative  cost  of  wire  cables  and  so-called  equivalent  eye-bar 
chains  may  be,  from  known  conditions  and  contract  prices,  so  far 
deduced  as  to  show  that  the  chains  must  cost  very  much  more  than 
the  cables. 

The  contract  price  of  the  cables  of  the  Williamsburgh  Bridge  was 
a  little  less  than  14^  cents  per  lb. ,  erected. 

The  contract  price  of  the  nickel-steel  eye-bars  for  the  Blackwell's 
Island  Bridge  was  8.03  cents  per  lb.,  and  of  the  nickel-steel  pins  10.03 
cents  per  lb.,  erected.  These  bars  were  to  be  16  by  2-in.,  with  38-in. 
heads. 

On  the  one  hand,  the  price  of  the  Williamsburgh  Bridge  cables  was 
doubtless  higher  than  could  be  obtained  now,  because  many  diffi- 
culties originally  anticipated  in  procuring  the  specified  grade  of  wire, 
and  in  attaining  economical  and  reasonably  rapid  construction  in 
building  the  cables,  have  been  no\fr  satisfactorily  solved.  Further, 
prices  of  all  such  work  were  very  much  higher  at  the  time  this  con- 
tract was  let  than  have  prevailed  for  the  past  year. 
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On  the  other  hand,  the  cost  of  manufacture  of  the  18  by  2-in.  eye-  Mr.  Buek. 
bars  with  44-in.  heads  proposed  is  wholly  unknown,  as  no  snch  eye- 
bars  have  yet  been  made,  and  there  are  donbts  as  to  the  practicability 
of  making  them,  except  at  a  prohibitory  cost. 

Further,  the  difficulties  and  cost  of  erection  are  equally  unknown. 
However,  in  view  of  the  fact  that  elaborate  special  plant  must  be 
provided  for  the  erection  of  the  chains,  which  will  be  chargeable  to 
these  alone,  while  in  the  BlackwelPs  Island  Bridge  the  same  erection 
plant  will  handle  and  support  the  eye-bars  which  will  handle  and  sup- 
port the  remainder  of  the  work,  the  conclusion  is  fully  warranted  that 
the  erection  cost  in  the  former  case  will  be  materially  greater  than  in 
the  latter. 

In  view  of  the  known  contract  prices  and  the  other  conditions 
named  above,  it  appears  almost  impossible  that,  at  the  present  time 
or  in  the  near  future,  the  unit  prices  of  wire  cables  and  nickel-steel 
chains  would  be  farther  apart  than  14  to  10,  respectively,  which,  be- 
cause of  the  chains  being  two  and  one- quarter  times  as  heavy  as  the 
cables,  would  make  the  cost  of  the  former,  on  this  basis,  60^  greater 
than  the  latter.  There  is  warrant  for  the  belief  that  the  difference 
would  be  still  greater. 

The  chains  and  cables  are  but  single  items  of  cost  in  the  respec- 
tive designs,  but  they  are  the  items  wherein  material  advantage  in 
point  of  economy  has  been  claimed  for  the  chains. 

A  complete  and  conclusive  comparison  of  cost  of  the  two  designs  is 
not|possible,  in  the  absence  of  complete  detailed  plans  of  the  chain 
design  and  fuller  development  of  the  actual  conditions  of  manufac- 
ture and  construction  involved.  However,  there  are  no  grounds 
whereon  to  base  the  claim  that,  as  a  whole,  the  chain  design  is  more 
economical  than  the  cable  design. 

To  summarize:  It  does  not  appear  that  in  either  of  the  cases  cited 
by  the  author — the  Manhattan  Bridge  or  the  Quebec  Bridge — is  there 
any  substantial  evidence  that  the  spandrel-braced  chain  design  pos- 
sesses adequate  grounds  for  preference  over  the  other  designs  pro- 
posed for  the  same  cases. 

If  the  bridge  is  for  varied  city  traffic,  where,  whatever  the  weight 
of  the  aggregate  loadings,  material  departure  from  uniformity  is  rare, 
and  where  appearance  must  count  for  so  much,  the  rational  design 
for  long  spans  still  appears  to  be,  in  the  light  of  the  best  available  evi- 
dence, the  wire-cable  suspension  bridge. 

If  the  bridge  is  for  heavy  railroad  traffic,  where  departure  from 
uniformity  of  loading  is  great  and  frequent,  and  where,  therefore,  a 
high  degree  of  rigidity  is  essential,  the  rational  design  for  long  spans 
still  appears  in  the  same  light  as  the  cantilever,  until  the  length  of 
span  approaches  2  000  ft. ,  when  the  wire-cable  suspension  bridge 
again  appears  as  a  strong  competitor,  even  for  the  heaviest  class  of 
railroad  service. 
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Mr.  Crehore.  W.  W.  Grehobe,  M.  Am.  Soc.  C.  E.— One  point  that  the  speaker 
wonld  like  to  emphasize  is  that  this  question  seems  to  turn  on  the 
degree  of  rigidity  it  is  sougLt  to  obtain.  Most  engineers  have  had 
experience  with  smaller  structures  than  these  under  consideration, 
and  it  will  be  pretty  hard  to  convince  any  engineer  who  has  had  expe- 
rience with  railroad  and  similar  bridges  that  rigidity  is  not  a  good 
thing.  Most  engineers  believe  that  rigidity  is  a  good  thing;  that 
rigidity  is  something  which  prevents  abnormal  wear  and  tear  in  a 
bridge;  that  is,  of  two  bridges  of  the  same  span  and  for  the  same 
load,  that  which  is  the  more  rigid  will  last  the  longer,  and,  therefore, 
is  more  economical  from  that  point  of  view,  if  not  from  any  other. 

If  rigidity  is  a  good  thing  in  a  truss  bridge,  why  should  not  rigidity 
be  a  good  thing  in  a  suspension  bridge?  The  same  laws  of  mechanics 
govern  in  a  suspension  bridge  that  govern  in  a  truss  bridge.  Will  not 
the  distortion  of  a  structure  always  cause  some  wear  and  tear  which 
should  be  avoided  as  much  as  possible? 

The  point  to  be  brought  out  is  this:  A  suspension  bridge  takes  a 
fixed  position  from  its  dead  load.  The  amount  of  distortion  caused 
by  bringing  on  a  live  load  depends  upon  two  things,  (1)  the  effective- 
ness of  the  stiffening  system,  and  (2)  the  ratio  of  the  live  load  to  the 
dead  load  per  linear  foot.  In  other  words,  the  inertia  of  the  struct- 
ure's dead  weight  prevents  some  distortion  from  taking  place,  and  the 
stiffening  system  prevents  some — the  remainder  t^kes  place. 

Of  two  bridges  constructed  alike,  if  a  heavier  live  load  is  put  on  one 
than  is  put  upon  the  other,  it  is  expected  that  the  former,  in  passing 
across  the  bridge,  will  produce  the  greater  distortion.  Now,  the 
longer  the  span,  the  greater  must  be  the  dead  load  to  carry  the  same 
live  load;  and,  of  two  bridges  constructed  of  the  same  span,  that 
which  must  carry  a  heavier  live  load  must  have  the  greater  dead 
weight.  The  amount  of  vibration  or  distortion,  therefore,  varies  with 
the  ratio  of  the  live  load  per  linear  foot  to  the  dead  load  per  linear 
foot,  other  things  being  equal. 

A  suspension  span  across  the  North  Biver  would  be  about  3  000  ft. 
long,  and  one  across  the  East  Biver  would  be  considerably  less  than 
2  000  ft.  long.  Probably  a  sufficient  live  load  for  modern  railway 
traffic  over  a  North  Biver  span  would  be  that  assumed  in  Mr.  Mori- 
son's  design,  viz.,  about  one-fourth  of  the  dead  load;  whereas  the 
emergency  load  which  ought  to  be  provided  for  any  East  Biver  span 
being  built  to-day  is  about  one-half  of  the  dead  load.  The  traffic  for 
which  the  old  Brooklyn  Bridge  was  designed  was  one-fourth  of  the 
dead  load;  and,  with  such  a  traffic,  that  bridge  is  comparable  to  a 
bridge  carrying  the  modern  railway  traffic  over  the  North  Biver.  In 
the  speaker's  opinion,  the  gentlemen  who  have  have  discussed  this 
paper  have  made  the  mistake  of  comparing  a  bridge  for  modem 
traffic  over  the  East  Biver  with  a  bridge  of  the  same  span  to  carry  the 
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traffic  of  twenty  years  ago.     The  two  are  not  comparable,  except  when  Mr.  Crehore. 
the  live  16ad  (the  only  part  of  the  load  which  causes  distortion)  is  the 
same  part  of  the  total  load  in  each  case. 

The  modern  East  Biver  traffic  must  be  understood  to  include  some 
provision  for  the  future,  such  as  heavily  loaded  automobile  trucks 
massed  close  together,  and  an  increase  in  weight  of  the  railroad  roll- 
ing stock.  An  emergency  loading  of  this  sort  concentrated  in  one 
short  stretch  of  roadway  would  amount  to  about  one-half  of  the  dead 
load  of  the  bridge  per  linear  foot;  and,  while  this  would  have  no 
injurious  effect  upon  the  cables  of  a  suspended  cable  structure,  it 
would  cause  excessive  distortion,  injurious  to  the  stiffening  system, 
unless  the  stiffening  trusses  were  unusually  deep.  Here,  again,  the 
fact  must  be  met  that,  when  the  stiffening  trusses  are  of  too  great  a 
depth,  excessive  loading  will  react  injuriously  on  the  cables,  prevent- 
ing their  assuming  an- easy  or  natural  position  (as  it  were),  and  caus- 
ing undue  local  strains.  It  works  around  in  a  circle,  showing  that 
when  the  limit  of  deflection  is  assumed  to  be  fixed  and  must  not  be 
exceeded,  the  feasibility  of  preventing  further  distortion  by  means  of 
stiffening  trusses  is  limited,  and  the  process  cannot  be  continued 
indefinitely  by  adding  to  the  depth  or  to  the  material  of  the  stiffening 
trusses.  To  be  really  effective,  the  dead  weight  of  the  cables  them- 
selves would  need  to  bo  increased  so  as  to  provide  sufficient  inertia  to 
absorb  a  considerable  part  of  the  excessive  loading  before  distortion 
should  begin.  Such  a  method  of  increasing  the  dead  weight,  how- 
ever, would  be  very  costly  and  is  prohibitory  on  the  ground  of  waste- 
ful expenditure  as  long  as  any  other  method  is  known  whereby 
sufficient  rigidity  may  be  obtained  more  cheaply. 

Now,  Mr.  LindenthaVs  paper  illustrates  this  truth.  It  brings  out 
the  fact  that  the  braced  suspension  design  will  furnish  the  required 
degree  of  rigidity  under  the  excessive  loading  referred  to,  that  is, 
where  the  live  load  is  about  one-half  the  dead  load.  This  result  is 
accomplished  by  putting  the  principal  dead  weight  of  the  bridge  into 
the  cables,  and  practically  dispensing  with  the  stiffening  trusses  en- 
tirely ;  or,  better,  incorporating  the  stiffening  and  the  cables  together 
iu  one  system.  If  it  were  attempted  to  obtain  the  same  amount  of 
rigidity  in  a  suspended-cable  design  as  can  be  obtained  in  the  braced- 
oable  design — the  live  load  per  linear  foot  being  one-half  the  dead 
load  in  both  cases — it  would  be  necessary  to  use  stiffening  trusses  of 
such  great  depth  that  the  design  would  be  at  once  condemned  on  ac- 
count of  its  disproportionate  and  ungainly  appearance;  and,  on  the 
other  hand,  the  people  of  New  York  City  do  not  want  any  more 
bridges  on  which  the  police  are  required  to  regulate  the  traffic  to  pre- 
vent possible  congestion  injurious  to  the  structure. 

Regarding  those  passages  quoted  by  Mr.  B.  S.  Buck  from  the 
Tb'ansactwna  of  this  Society,  in  which  Mr.  Morison  and  Major  Bay- 
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Mr.  Crehorp.  mond  express  opinions  on  different  designs  for  a  3  000-ft.  span  across 
the  North  Biver,  the  speaker  understands  them  to  refer  to  cases 
where  the  traffic  load  per  linear  foot  would  not  exceed  one-fourth  of 
the  dead  load  per  linear  foot.  When  it  is  proposed  to  bridge  spans  of 
from  500  to  1  000  ft.,  where  the  live  load  is  as  much  as  or  more  than 
one-half  the  dead  load,  a  suspension  bridge  design  is  usually  dis- 
carded as  inappropriate  and  of  insufficient  rigidity,  or  as  requiring 
too  great  an  expenditure  to  make  it  rigid.  Why  should  not  this  ratio 
of  live  to  dead  load  receive  the  same  consideration  on  longer  spans? 
.  In  his  admirable  paper,  just  referred  to,  Mr.  Morison  states  that  the 
iirst  thing  to  do  in  designing  a  suspension  bridge  is  to  establish  the 
limit  within  which  deflection  may  be  permitted,  and  then  to  design 
to  it.  This  deflection  limit,  however,  depends  somewhat  upon  the 
ratio  of  the  live  to  the  dead  load,  as  well  as  upon  the  material  and 
the  shape  of  the  structure;  and  all  of  Mr.  Morison's  subsequent  dis- 
cussion of  the  subject  leads  to  the  conclusion  that  there  is  a  practical 
limit  to  the  use  of  a  suspended -cable  bridge,  and  that  this  limit  is 
reached  when  stiffening  trusses  cannot  be  designed  sufficient  to  re- 
strict the  amount  of  deflection  permissible  by  the  nature  of  the 
traffic. 

Granting,  then,  that  such  a  limit  exists  for  the  suspended-cable 
bridge,  and  that  the  author's  braced-cable  design  furnishes  a  method 
of  supplying  the  necessary  rigidity  far  beyond  that  limit,  it  seems  to 
the  speaker  that  this  discussion  should  be  upon  the  question  of  where 
the  economy  of  the  suspended- cable  design  leaves  off  and  that  of  the 
author's  design  begins,  rather  than  upon  the  simple  question  of 
whether  or  not  rigidity  is  a  desirable  quality  in  bridges  of  any  kind. 
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EijMO  G.  Harris,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Diamant  has  Mr.  Harris. 
well  presented  the  extraordinary  conditions  nnder  which  this  partic- 
ular pnmp  must  act,  and  the  many  difficulties  accompanying  its  erec- 
tion. It  may  be  of  interest  to  describe  briefly  the  special  features  in- 
volved in  the  operation  of  this  system  of  pumping  and  give  some  of 
the  mathematics  involved  in  proportioning  a  plant  properly. 

The  general  principles  involved  are  easily  stated  and  readily  un- 
derstood.    The  special  features  are: 

First. — The  system,  once  charged  with  air,  is  closed  to  the  atmos- 
phere; the  one  charge  being  forced  alternately  into  one  tank  while 
being  drawn  out  of  the  other.  Hence  the  energy  of  expansion  (or 
compression)  in  the  air  is  not  lost,  as  in  the  common  forms  of  direct 
air-pressure  pumps.  The  only  recognizable  losses  in  the  system,  out- 
side the  air  compressor,  are:  Expansion  in  the  low-pressure  air-pipe 
immediately  after  switching,  friction  in  the  air-pipes,  conduction  of 
heat  out  of  the  air-pipes  (or  absorption,  which  is  a  gain),  and  leakage 
of  air.  These  are  not  capable  of  formulation — except  the  first  and 
second,  and  these  only  approximately. 

*  This  discussion  ^of  the  paper  by  Arthur  H.  Diamant,  Jun.  Am.  Soc.  C.  E.,  printed 
in  Proceedings  for  May,  1904).  Is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 

CommunlcatloiiS  on  this  subject  received  prior  to  November  25th,  1904,  will  be  pub- 
lished subsequently. 
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Mr,  Harrip.  Second. — The  automatic  switching  device,  by  which  the  air  is  alter- 
temately  exhausted  from  one  tank  and  delivered  to  the  other.  This 
is  accomplished  by  utilizing  the  difference  of  pressure  inside  and  out- 
side the  tank  from  which  air  is  being  exhausted.  For  convenience, 
the  mechanism  utilizing  this  is  placed  in  the  compressor  room.  If  the 
tanks  are  near  the  free  surface  of  the  water  supply,  there  will,  at  the 
time  the  switch  should  act,  be  suction  in  the  air-pipe  leading  to  the 
tank  from  which  air  is  being  exhausted,  and  which  is  filling  with 
water.  This  suction,  of  course,  extends  throughout  the  air-pipe,  and 
is  utilized  in  the  compressor  room,  in  conjunction  with  free  air 
pressure,  to  operate  the  switch. 

In  case  the  tanks  are  deeply  submerged,  as  in  the  pump  under  dis- 
cussion, suction  will  not  occur,  but  the  tanks  will  fill  under  pressure. 
In  this  case  the  pressure  outside  the  tank  is  communicated  to  the 
compressor  room  by  a  **  dip  "  pipe,  which  descends  to  the  tank  level, 
and  through  which  air,  in  minute  quantity,  is  forced  continuously, 
thus  registering  within  the  compressor  room  the  head  outside  the 
tanks,  while  the  main  air-pipe  registers  the  pressure  within  the  tanks; 
as  before  said,  when  the  pressure  within  the  tank  is  less  than  outside, 
the  switch  acts.  The  switch  is  made  adjustable;  that  is,  it  can  be 
made  to  act  at  any  desired  difference  of  pressure.  Evidently,  the  de- 
tails of  the  switch  can  be  varied  without  limit.  When  suction  occurs 
before  the  switch  acts  (which  is  usually  the  case)  the  leakage  is  re- 
placed automatically  by  an  adjustable  valve  placed  outside  a  check- 
valve  opening  into  the  intake 
pipe  between  the  switch  and  the 
compressor. 

Another  method  of  operating 
the  switch  is  by  a  mechanism 
which  acts  at  a  prescribed  num- 
ber of  strokes  of  the  compressor 
— the  number  being  that  neces- 
sary to  complete  a  cycle. 

It  may  be  remarked,  before 
going  further,  that  the  submer- 
gence of  the  tanks  is  not  neces- 
sary. 

With  the  development  of  this 
system  of  pumping,  many  prob- 
lems have  been  presented  for 
solution,  some  purely  mechan- 
ical, while  others  require  a 
mathematical  analysis.  The  lat- 
ter have  proved  very  interesting 
and  instructive. 

In  the  process  of  such  analysis,  f,o.  g. 
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it  will  be  necessary  to  use  the  following  symbols.    Though  the  analysis  Mr.  HaiTis. 
may  be   considered    intricate,   the  final  formulas  are  unexpectedly 
simple  and  easy  of  application : 

Let    P„  =  Delivery  pressure— a  constant — in  pounds  per  square 
inch; 
Pj  =  Pressure   throughout    the    system    immediately    after 

switching; 
Pj.  =  Pressure  of  air  entering  a  compressor —  a  variable; 
V  =  Volume  of  one  pump  tank — a  constant — in  cubic  feet ; 
F^  =  Volume  of  air  in   delivering  tank  at  pressure,  /*,,  — a 
variable; 
«  F  =  Volume  of  one  air- pipe; 
Pi  =  Pressure  at  which  water  begins  to  enter  tank  from 

which  air  is  being  exhausted; 
Pf,  =  Lowest  pressure  reached  (this  occurs  just  before  switch- 
ing); 
q^   =  Effective  volume,  intake  of  compressor,  in  cubic  feet  per 

second ; 
q^g  =  Average  water  delivery,  in  cubic  feet  per  second; 
Q    =  Total  volume  taken  into    compressor,   while  working 
pressure  down  from  Pj  to  pi,  or  approximately  P^  to 
p,  in  any  case  and  approximately  P„  to  p^  when  tanks 
are  near  surface  of  water  supply ; 

R„  =  ratio  ^^ 

Po 

R,  =  ratio  ^\ 
Pi 

All  pressures  are  ''absolute,"  that  is,  gauge  pressure  +  14.7  lb. 

Compressor  Capacity  (=  q^). — The  first  problem  is  to  find  the 
necessary  intake  capacity  of  the  compressor.  In  this,  fortunately, 
the  problems  of  work  and  temperature  inside  the  compressor  need  not 
be  considered,  and,  therefore,  in  the  analysis,  the  temperature  of  the  - 
air  may  be  considered  as  constant,  though  it  will  be  necessary,  finally, 
to  apply  a  coefficient  to  provide  for  the  effect  of  expansion  due  to  the 
heating  of  the  air  as  it  passes  through  the  hot  intake  valves. 

Assume  that  a  small  volume,  d  Q,  of  air  at  the  pressure,  P^,  is 
taken  out  of  the  exhausting  tank  and  forced  into  the  delivery  tank, 
where  the  pressure  is  P^,  and  its  volume  is  d  F^,  then,  by  the  law  that 
the  pressure  multiplied  by  the  volume  is  constant: 

P^d  Q  =  P„d  V^;oT  d  Q  =  p'  d  V^ I 

Also,  by  the  same  law,  the  sum  of  the  product  of  the  pressure  multi- 
plied by  the  volume  must  be  constant,  since  the  quantity  (or  mass)  of 
air  in  the  system  does  not  change.  When  one  tank  is  full  of  water, 
and  its  air-pipe  is  full  of  air  at  the  pressure,  />„,  the  other  tank  and 
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Mr.  Harris,  air-pipe  must  be  full  of  air  at  the  pressure,  P^.     Under  this  condition, 
the  sum  of  the  products  is 

Po  ^(l-l-w)-f  ;>,  Vn, 
At  any  other  time  the  sum  of  the  products  is 

P,  F(l+  n)^P^[V^^n  V). 
Hence,  P^  ^(1  +  n)  JfPo  «  ^  =  /'x  ^^(1  -{-«)+  PA^\  +  «  ^Y^ 

P 
To  simplify,  put  p„  =  -gi'  and  Equation  II  reduces  to 

"'  "0+ «)-•■. 

Substitute  Equation  III  in  Equation  I,  and 


Ul 


•('^-J)-". 


Integrating  between  the  limits,  \\  =  T,  and  V^  =■  zero,  there  re- 
sults: 

Q=v(i  +  H)ioe,—-A—-^^'-^ IV 

Let  V\  represent  the  volume  of  air  in  the  delivery,  or  high-pressure 
tank,  when  water  begins  to  enter  the  other;  that  is,  when  the  pressure 
in  the  other  tank  has  dropped  topj;  this  marks  a  change  in  the  opera- 
tion; see  Fig.  7.  Just  at  this  period  there  must  be  enough  air,  at  the 
pressure,  />„  in  the  volume,  F  (1  +  w),  to  fill  the  space,  V —  \\,  at 
the  pressure,  P^,  in  the  other  tank,  and  its  own  air-pipe  at  the  press- 
ure p„.     Hence  the  equation : 

p,  V{l  +  v)  =  P,(V-  Fl)  +p„«  V. V 

ot,  P„  F,  =  V  [P„  - p,  +  «  (p„  -  p,)]- 

Now,  H  is  a  fraction,  and  p,  and  />,  are  small  and  nearly  equal,  in 
practice;  hence  n  {p„  — /?,)  can  be  neglected.     Then: 

^'l=;^(^<,-i'.) VI  ! 

Putting  Equation  VI  in  Equation  IV,  there  results :  ( 

\ 
^=F(l-f  w)log.. 


\  '^«.    1 

L-i-^'J 

=  F(H.n)log. 

putting  — ^  in  pi 

Po 

ace  of  R,,. 

'(l   -p. -ft  ) 
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Mr.  HarriB.  Now,  as  before  stated,  n  p^  will  be  quite  amall,  as  compared  with 
P^,  aod  it  can  be  neglected,  if  desired,  to  simplify  the  formulas. 
Equation  YI  would  then  become: 

Q=v{i-\-7i)  iog.,^«- vn 

•  Pi 

This  gives  a  simple  formula  for  §,  the  volume  taken  into  the  com- 
pressor while  reducing  the  pressure  from  P^,  to  pi  (in  a  tank  full  of 
air).  To  be  precise,  it  should  now  be  noticed  that  the  operation  be- 
gins properly  with  a  pressure,  P^  somewhat  less  than  P^.  This  is  due 
to  the  expansion  into  the  low-pressure  pipes  just  after  switching. 
This  pressure,  Pj,  can  be  found  readily  by  the  condition  of  the  con- 
stancy of  the  sums  of  the  products  of  the  volumes  by  the  pressures. 
Thus,  equating  tho  sums  just  before  and  after  switching,  there  results: 

/>!  (F+  2  n)  =  P,  V(l  +  n)  +  p,  n  V 
or, 

P„  thus  found,  would  be  put  in  place  of  P„  in  Equation  VII. 

The  effect  of  friction  in  the  air-pipe  between  the  tank  and  the 
compressor  must  now  be  considered. 

When  the  pressure  of  the  intake  of  the  compressor  is  P^,  that  in  the 
tank  from  which  the  air  is  drawn  will  be  greater  by  the  amount  lost 
in  friction  while  passing  through  the  pipe.  The  equation  for  this  loss 
is,  in  form, 

where  c  is  an  experimental  coefficient.  From  the  best  experimental 
data  obtainable,  it  is  found  to  be  about  0.000002,  when 

/  =  lost  pressure,  in  pounds  per  square  inch; 

/    =  length  of  pipe,  in  feet; 

d  =  diameter  of  pipe,  in  inches; 

V  =  velocity  of  air  in  pipe,  in  feet  per  second; 

R  =  ratio  of  compression,  in  atmospheres. 
In  many  rules  for  computing  the  loss  by  friction,  the  factor,  B,  is 

/> 
erroneously  omitted.     In  this  case,  E  =  tt^j  ^^^^t  therefore,  is  van-  ; 

able,  but  in  any  installation  all  are  constant  in  the  formula  except  P^, 
Then,  for  simplicity,  let 

0.000002  I   rr2        1  IV  1 

3477     d^  =  ^ ^^  ] 

Then  the  lost  pressure  would  be  k  P„  and,  in  Equation  IL 
P^{l-\-k)  should  be  put  in  place  of  P^,  but  this  will  in  no  way  change 
the  process  by  which  Equation  VII  is  derived.  With  this  change. 
Equation  VII  becomes 

Q=  rfl  +  n)x(l+A:)log.-f'. 

Pi 


Whence, 
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If  the  oomprensor  takes  in  a  Yolnme,  9^,  per  second,  the  time  con-  Mr.  Harris, 
snmed  in  working  the  pressure  down  from  P^  to  p,  is 

Q%  Qn  Pi 

During  the  remainder  of  the  time  in  one  cycle,  the  water  is  flowing 
into  the  tank,  following  up  the  air,  and  keeping  it  at  nearly  constant 
pressure  (when  the  height  of  the  tank  is  only  a  few  feet);  in  other 
words,  for  every  cubic  foot  of  air  taken  out,  a  cubic  foot  of  water  flows 
in.  Hence,  evidently,  the  time  consumed  in  this,  last  period  of  the 
cycle  is 

and  the  total  time,  T  =  /i  +  ^  =  —  +   il  (1  +  n)  (1  +  it)  log.  ^. 

9a  Qa  Pi 

If  7,0  is  the  average  rate  of  delivery  of  the  water,  evidently, 

_V 

««=  9»  [1  +  (1 +«)(!  +  *)  log.  yj X 

which  is  the  desired  equation. 

In  practice,  k  should  not  exceed  0.1,  and  will  usually  be  less.  If 
great  precision  is  to  be  attempted.  Equation  X  must  be  solved  by  a 
tentative  process,  for  A;  is  a  function  of  q^.  k  may  be  iirst  assumed  as 
0.1,  to  get  an  approximate  value  of  q^,  whence  Fin  Equation  IX,  and 
a  closer  value  of  k.     This  will  be  sufficiently  close  for  practice. 

It  is  probably  useless  to  attempt  extreme  precision  in  these  com- 
putations, on  account  of  temperature  changes  which  cannot  be  formu- 
lated. Hence,  as  a  safe  and  simple  working  formula  the  following 
may  be  used : 

4«  =  ?.r[l  +  ll(l  +  »)log.J] Xa 

p.,  will  commonly  be  near  atmospheric  pressure  (or  150),  that  is,  when 
the  tanks  are  near  the  surface  of  the  water,  but  it  may  be  greater  or 
lesH,  according  to  whether  the  tanks  are  submerged  or  placed  above 
the  water.  Inspection  of  Equation  X  reveals  the  fact  that  the  greater 
/7,is,  the  less. will  be  q,^.'  For  this  reason,  there  is  an  advantage  in 
having  the  tanks  submerged. 

Evidently,  if  the  air  is  heated  by  contact  with  hot  surfaces  while 
entering  the  compressor,  the  effective  intake  capacity  is  reduced.  To 
allow  for  this  circumstance,  q^,  as  above  computed,  should  be  multi- 
plied by    ^ ,  where  r^  and  r,  are  the  absolute  temperatures  before  and 

''1 
after  entering  the  compressor,  respectively. 

Maximum  Rate  of  Woi'k. — The  compressor  capacity  having  been 
determined,  the  next  problem  in  the  design  of  a  plant  is  to  And  the 
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Mr.  Harris,  maximum  rate  of  work  for  which  provision  must  be  made  in  the  steam 
end  of  the  compressor.  The  nature  of  this  problem  can  best  be  pre- 
sented by  first  studying  the  case  of  isothermal  compression.  In  this 
the  well-known  formula  for  work,  using  the  symbols  heretofore 
applied,  is 

p 
Work  per  second  ^P^^a^  log-  -w ^I 

In  this,  P^  is  Tariable,  and,  evidently,  the  work  will  be  zero 
when  P^  =  zero,  and  again,  when  P^^  =  P^  (since  log.  1  =  0), 
and,  by  the  method  of  calculus,  it  is  found  to  be  a  maximum  when 

log.   ^*'  =  1;  tliat  is,  when  ^=2.72. 

Note  that  hyperbolic  logarithms  must  be  used  in  all  the  foregoing 
equations  as  they  appear.  If  common  logarithms  are  to  be  used, 
multiply  by  2.3. 

Inserting  the  condition  for  a  maximum  in  Equation  XI  and  reducing 
to  foot-pounds  per  second,  there  results: 

Maximum  work  =  52.9  P^  q^. 

A  curve  showing  the  work  by  Equation  XI  is  given  in  Fig.  7.  In 
practice,  the  curve  does  not  reach  zero  at  either  end. 

To  find  the  maximum  work  when  temperature. changes  are  consid. 
ered,  one  must  start  with  the  established  formula  for  work  when 
compression  is  adiabatic,  viz. : 


■[©""^■-'] 


the  maximnm  when  I    „^  I    "  =  »(/  or  when  P,  = 


Work  =-£-^ /»,,„!  (4^«)  »  -1  I xn 

where  n  is  the  ''temperature  exponent"  and  equals  1.41  when  no 
cooling  occurs. 

By  the  methods  of  the  calculus  Equation  XU  will  be  found  to  be 

This,  inserted  in  Equation  XII,  gives 

Maximum  work  =  --^ XTTT 

n  Jirri 
When  71  =r  1.41  Maximum  work  =  62.3  P^  q^  foot-pounds  per  second. 

'*      n  =  1.25  *•  **      =  59,0  P„q^     «*  »*  " 

*•      n  =  1.00  **  **      =  62.9  P«  q^     *•         "  " 

the  last  number  having  been  derived  by  analysis  of  Equation  XI. 

As  a  simple  approximate  rule,  the  maximum  horse-power  rate  may 
be  taken  as  0.1  P^  g^. 

This  maximum  rate  should  not  be  confused  with  the  average. 

Efficiency. — The  only  loss  of  energy  chargeable  to  this  system  is 
that  caused  by  the  drop  in  pressure  dae  to  expansion  into  the  low- 
pressure  pipe  just  after  switching.     This  drop  is  shown  in  Equation 


Papers!       DISCUSSION'  ON   PNEUMATIC   PUMPING   PLANT.  789 

P„  l+2n  Mr.Harrte. 


=  r. 


VIIL     The  ratio  of  this  change  of  pressure  is  ^^  = ^- 

for  simplicity.     The  necessary  work  to  restore  this  pressure  is 

P„  F(l-hn)log.  r, 
while  the  useful  work  done  during  a  cycle  is  (P^  —  14.7)  V;  that  is, 
the    water    displaced    multiplied    by    the    gauge    pressure.      Hence 

(P,-U.7)  V 


Efficiency  =E  =■ 

V-*  o  —  *»•  ly  ''  -r  ^  o  ^  \^  T  '*)  Atf^'  ' 

.XIV 


(P,  -  U.7)  F+  P,  r(H-  n)  log.  r 
1 


Losses  due  to  heat  and  friction  are  not  included.  It  should  be  noticed 
that  this  loss  is  dependent  on  n.     Its  amount  is  illustrated  by  the  fol- 
lowing: E  changes  but  little  with  other  values  of  P^  and  p^. 
P^  =  100     71  =  0.1    0.2    0.4    0.6    0.8    1.0 
p.,  =    14.7  ^=  0.91  0.85  0.74  0.66  0.60  0.55 
Friction  Losses, ^Itx  the  operation  of  a  plant  the  velocity  of  the 
intake  pipe  will*  be  constant,  but  the  pressure  variable,  while,  in  the 
discharge  air-pipe,  the  pressure  will  be  constant  and  the  velocity 
variable.     According  to  Equation  IX,  the  loss  in  the  intake  is,  in 
pounds  per  square  inch, 

°:«^|r»P.  =  *P,=/, XV 

and  the  loss  due  to  the  same  air  passing  through  the  discharge  pipe  at 

„    .  0.000002  t  (P^   ^\3-,           P^^           \ 
the  pressure  P^y  is     ^^  ^     ^  \^  ^'   VJ  P^^k  ^   =/,  j^- XVI 

To  find  the  friction  losses  at  intervals  in  the  cycle,  or  to  show  such  by 
a  curve,  assume  'convenient  intervals  of  time  (5  or  10  sec. )  which 
indicate  by  t^.     Then, 

Q       t,(l  +  n)(l  +  A:)log.^» 

Whence,  adapting  to  common  logarithms, 

log.o  P.  =  log.io  -Pi  -  r(l  +  n)  (I  -f  Ic)  (Q  "^^ ^^ 

Thus,  tabulate  P^  corresponding  to  t^  and  apply  the  slide-rule  to  get 
the  friction  losses  from  Equations  XV  and  XVI. 
At  any  time,  the  rate  of  water  discharge  will  be 

P. 

-*  0 

This  can  be  tabulated  with  the  other  quantities,  and  the  friction 
loss  in  the  water  pipe  worked  out  accordingly  by  well-known  formulas. 
Curves  worked  ont  by  the  foregoing  methods  are  shown  in  Fig.  7. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note.— Memoirs  will  be  reproducad  In  the  Volumes  of  TransactioiM.  Any  informa- 
tion wtiich  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  E^lbUcatlon. 


GEORGE  CURTIS  TINGLEY,  M.  Am.  Soc.  €.  E.* 


Died  April  30th,  1904. 


George  Cnrtis  Tingley  was  born  in  Windham,  Connecticut,  on 
January  28th,  1831,  and  died  73  years  later,  April  30th,  1904,  at  his 
home  in  Providence,  Bhode  Island. 

His  early  education  was  obtained  at  the  South  Windham  Academy, 
and  in  1848  he  entered  Trinity  College,  Hartford,  graduating  with  the 
class  of  1852.  With  the  exception  of  a  few  years  immediately  aft^r 
completing  his  education,  during  which  time  he  was  engaged  partly 
in  teaching  school,  and  partly  in  mercantile  pursuits,  his  entire  life 
was  devoted  to  his  profession  of  engineering. 

He  was  Assistant  Engineer  on  the  location  and  construction  of  the 
Hartford,  Providence  and  Fishkill  Railroad,  between  Hartford  and 
Providence  (now  a  part  of  the  New  York,  New  Haven  and  Hartford 
Railway  System). 

About  1860  he  entered  the  office  of  the  late  Samuel  B.  Cushing, 
Sr.,  M.  Am.  Soc.  C.  E.,  who  was  at  that  time  the  leading  engineer  of 
Rhode  Island,  and  his  connection  with  this  office  was  maintained, 
in  one  capacity  or  another,  for  a  period  of  thirty -three  years. 

For  the  first  few  years  of  his  connection  with  the  office,  the  firm 
name  'was  Cushing  and  DeWitt,  and  upon  the  retirement  of  Mr. 
DeWitt,  Mr.  Tingley  succeeded  to  his  branch  of  the  business,  which 
carried  with  it  the  construction  of  the  street  railroad,  at  that  time  in 
its  early  stages  of  operation,  and  all  the  work  then  being  done  for  the 
great  manufacturing  firm  of  A.  and  W.  Sprague.  About  1871  the 
firm  of  Cushing  and  Company  was  formed,  which  consisted  of  S.  B. 
Cushing,  the  elder,  his  son,  S.  B.  Cushing,  Jr.,  George  C.  Tingley, 
and  Col.  J.  Albert  Monroe,  all  at  that  time  or  later  Members  of  the 
American  Society  of  Civil  Engineers.  This  firm  was  dissolved  by  the 
retirement  of  Col.  Monroe  and  the  subsequent  death  of  the  elder  Mr. 
Cushing  in  1873,  after  which  time  it  became  S.  B.  Cushing  and  Com- 
pany, composed  of  the  younger  Mr.  Cushing  and  Mr.  Tingley,  and  so 
continued  until  the  death  of  Mr.  Cushing  in  1888,  when  Mr.  Tingley 
conducted  the  business  alone  until  his  retirement  from  private  prac- 
tice in  1892. 

*  Memoir  prepared  by  John  W.  Ellis.  W.  H.  G.  Temple,  Herbert  E,  Sherman  and 
Bichard  H.  Tingley,  Members,  Am.  Soc.  C.  R. 
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In  1892  Mr.  Tingley  was  choBen  Chief  Engineer  of  the  Union  Bail- 
road  (now  ihe  Rhode  Island  Company),  of  Providence,  and  retained 
that  position  until  his  retirement  from  actual  business  in  1901.  Mr. 
Tingley 's  connection  with  the  engineering  of  the  Union  Bailroad  was 
a  long  and  active  one,  covering  a  period  of  more  than  forty  years  from 
the  time  of  the  establishment  of  the  first  horse  car  lines  in  Provi- 
dence to  the  date  of  his  retirement  from  practice. 

During  the  period  of  Mr.  Tingley 's  long  and  successful  private 
practice  of  engineering,  many  important  works  were  designed  and 
constructed  by  him,  his  chief  attention  being  given  to  heavy  foun- 
dation and  bridge  work,  and  to  railway  engineering.  From  his  office 
have  graduated  a  long  list  of  engrineers,  Elmer  L.  Corthell,  Desmond 
FitzGerald,  Henry  W.  Parkhurst,  Herbert  E.  Sherman,  William 
H.  G.  Temple,  Bichard  H.  Tingley,  all  Members  of  the  American  So- 
ciety of  Civil  Engineers,  besides  a  large  number  of  others,  successful 
engineers,  not  members  of  this  Society. 

Mr.  Tingley  was  married  twice.  First,  in  1853,  to  Georgianna 
Sage,  of  Hartford.  Four  children  survive  this  marriage:  Pauline  E. 
Tingley,  of  Providence,  Bichard  H.  Tingley,  of  New  York,  Mrs.  Wm. 
D.  Livermore,  of  Lawrence,  Massachusetts,  and  Ernest  DeW.  Ting- 
ley, of  New  Haven,  Connecticut.  His  second  marriage  was  with 
Elizabeth  Vaughan  Polleys.  Mr.  Tingley  had  been  a  widower  for 
five  years  prior  to  his  death. 

Mr.  Tingley 's  entire  life  from  early  manhood  to  ripe  old  age  was 
crowded  with  active  responsibilities  fully  equal  to  those  which  fall  to 
the  average  man.  These  he  met  and  discharged  with  the  highest 
ability  and  integrity,  yet  in  the  midst  of  these  crowded  duties  he  still 
found  time  for  the  exercise  of  a  benevolence  and  charity  rarely 
equalled  in  its  usefulness. 

Gentle,  noble  and  kind,  he  has  left  the  most  endearing  memories 
with  all  who  knew  him. 

Mr.  Tingley  was  elected  a  Member  of  the  American  Society  of 
CivU  Engineers  on  September  6th,  1871. 
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MINUTES  OF  MEETINGS. 


OP  THE  SOCIETY. 


November  ad«  1904  •—The  meeting  was  called  to  order  at  8.45  p.  m., 
Joseph  Mayer,  M.  Am.  Soo.  G.  B.,  in  the  ohair;  Chas.  Warren  Hnnt, 
Secretary;  and  present,  also,  146  members  and  44  guests. 

The  minntes  of  the  Thirty-Sixth  Annual  Convention,  held  in  St. 
Lonis,  Mo.,  October  3d  to  8th,  1904,  and  of  the  Society  meeting  of 
October  19th,  were  approved  as  printed  in  the  Proceedings  for  October, 
1904 

James  0.  Meem,  Assoc.  M.  Am.  Soc.  G.  E.,  was  expected  to  address 
the  Society  and  give  a  description  of  **A  New  Method  of  Tunneling  as 
Applied  to  the  Gonstruction  of  the  14  and  15-foot  fiay  Bidge  Sewer,*' 
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illnstrating  his  remarks  with  lantern  slides,  but,  unfortunately,  he  was 
unable  to  be  present,  and  the  Secretary  presented  Mr.  Meem's  descrip- 
tion. The  subject  was  discussed  by  Messrs.  Henry  B.  Asserson  and 
Francis  Collingwood. 

The  Secretary  made  the  following  announcements: 
The  transfer  of  the  following  candidates,  by  the  Board  of  Direction, 
on  November  1st,  1904: 

Fbom  Associate  Membeb  to  Mkmbwb. 

William  J.  Gabteb,  Cleveland,  Ohio. 
Edwin  John  Pobt,  Brooklyn,  N.  Y. 
John  Hunteb  Hanna,  Washington,  D.  G. 
Joseph  Fbedebiok  Hasskabl,  Philadelphia,  Pa. 
Lewis  Jerome  Johnson,  Cambridge,  Mass. 
Paul  Albebt  Sbubot,  New  York  City. 
Gbatz  Bbown  Stbickleb,  Baltimore,  Md. 
Aabon  Howell  Van  Clbve,  Niagara  Falls,  N.  Y. 
Charles  Page  Williams,  Cody,  Wyo. 
Silas  H.  Woodabd,  New  York  City. 

Fbom  Associate  to  Associate  Membeb. 

John  Pabby  Johnston,  Chicago,  HI. 
Hebbebt  Sedgwick  Wilgus,  Brooklyn,  N.  Y. 

The  election  of  the  following  candidates,  by  the  Board  of  Direction, 
on  November  1st,  1904: 

As  JUNIOBS. 

Bobebt  Lee  Alexander,  Mound,  Ark. 

Jules  Bowley  Bbeuchaud,  Croton-on-Hudson,  N.  Y. 

Jacob  Hbbbst  Bbillhabt,  Port  Griffith,  Pa. 

AxiFBED  Thomas  Bbown,  New  York  City. 

Theodobe  DeLong  Coffin,  Jamaica,  N.  Y. 

Dean  Gb^t  Edwabds,  New  York  City. 

Bobebt  Follansbee,  Malta,  Mont. 

Hebbebt  Mtlleb  Hale,  New  York  City. 

Eugene  Nathan  Hunting,  Pittsburg,  Pa. 

Bobebt  Faulkneb  Moss,  Columbia,  Mo. 

John  Pbince  Hazen  Pbbbt,  Jamaica,  N.  Y. 

William  Hale  Phillips,  Berkeley,  Cal. 

Chables  Schultz,  Hannibal,  Mo. 

Walteb  James  Spalding,  Lone  Dell,  Mo. 
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Dayid  AbnoiiD  Stabbugk,  Troy,  N.  Y. 
Eabub  TajiBOT,  Coyote,  Cal. 
Enobij  Bbbt  Van  de  Gbbtn,  Chicago,  111. 
Hbnbt  Chbibtophbb  Wb^toyeb,  St.  Joseph,  Mo. 

The  Secretary  annonnced  that  the  Annual  Convention  of  1905  will 
be  held  at  Cleveland,  Ohio,  daring  the  last  fnll  week  in  June. 

Adjonmed. 

November  i6«  1904.— The  meeting  was  called  to  order  at  8.80  p.  h.» 
Vice-President  Deyo  in  the  chair;  Chas.  Warren  Hnnt,  Secretary,  and 
present,  also,  185  members  and  23  guests, 

Mr.  Walter  C.  Parmley,  M.  Am.  Soc.  C.  E.,  addressed  the  Society 
and  gave  a  description  of  "The  Walworth  Sewer,  Cleveland,  Ohio," 
illustrating  his  remarks  with  lantern  slides.  The  Secretary  announced 
the  death  of  Louis  Frederic  Gustave  Bouscaren — ^Vice-President,  Am. 
Soc.  C.  E.;  Director,  1881;  elected  Member  April  7th,  1875;  died 
November  6th,  1904. 
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OP  THE  BOARD  OP  DIRECTION. 

(Abstract.) 

October  6tht  1904 •—President  HermaDj  in  the  Chair;  Chas.  War- 
ren Hunt,  Secretary,  and  present,  also,  Messrs.  Croes,  Gowen,  McDon- 
ald, Modjeski,  Moore,  Noble  and  Pegram. 

The  Secretary  presented  the  following  report  receiyed  from  the 
Secretary  of  the  Nominating  Committee : 

**St.  Louis,  Mo.,  Ootobbb  16th,  1904. 
**  Mb.  Chas.  Warben  Hunt, 

Secretary^  Am.  Soc.  C.  E. 
<<Dbab  Sib: 

"A  meeting  of  the  Nominating  Committee  of  the  American  Society 
of  Civil  Engineers  was  held  yesterday  evening,  October  4th,  at  the 
*  Inside  Inn.*    There  were  present: 

*•  Pabt-Pbesidents: 

J.  James  R.  Croes, 

Robert  Moore, 

Alfred  Noble, 
"  District  No.  1— George  W.  Tillson, 
"    1— Albert  Carr, 

««    2— J.  P.  Snow 
a  ««    2— Fred.  Brooks, 

**  •«    3— Edward  A.  Bond, 

♦*  *<    4— Richard  Khnen, 

"  "    5— L.  E.  Chapin, 

•*  "    e— John  B.  Atkinson. 

"Meeting  organized  with  Fred.  Brooks,  Chairman;  Albert  Carr, 
Secretary. 

<*  The  following  nominations  were  made: 
PresifienU  C.  C.  Schneider. 
Vice  Presidents,  M.  S.  Kolman,  Emil  Enichling. 
Treasurer,  Joseph  M.  Knap. 
Directors,  District  No.  1 — Morris  R.  Sherrerd, 
"        '*    1— A.  L.  Bowman, 
"        **    2— Hezekiah  Bissell, 
««        ««    3— Edwin  A.  Fisher, 

««    3— William  B.  Landreth, 
««        **    5— George  S.  Pierson. 
'*  Respectfolly, 

**AiiBBBT  Cabb, 
*' Secretary  of  Nominating  Committee.'* 
Adjourned. 
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November  isty  1904.— 8.40  p.  ic.— Yice-Preeident  GnrtiB  in  the 
chair;  Ghas.  Warren  Hunt,  Secretary,  and  present,  also,  Messrs. 
Back,  Craven,  Groes,  Dejo,  Ellis,  Gowen,  Jackson,  N.  P.  Lewis,  Noble, 
Osgood,  Pegram  and  Webster. 

The  following  resolutions  were  passed: 

Resolved,  That  no  farther  subscriptions  for  membership  in  the  In- 
ternational Engineering  Gongress  be  received  after  this  date,  unless 
remittances  for  fehat  purpose  nave  been  mailed  prior  to  October  31st, 
1904 

Resolved,  That  the  charge  for  the  publications  of  the  International 
Engineering  Gongress,  to  those  who  are  not  members  of  the  Gongress 
or  of  the  American  Society  of  Givil  Engineers,  be  made  $6  for  each  vol- 
ume of  the  Gongress  publications,  and  that  all  who  become  members 
of  the  Society  prior  to  January  1st,  1904,  shall  receive  the  Proceed- 
ings of  the  Gongress  free  of  charge. 

A  communication  from  H.  S.  Haines,  Ghairman  of  the  Gommittee 
in  Charge  of  the  International  Engineering  Gongress,  was  received  and 
ordered  printed  in  the  Proceedings,* 

It  was  resolved  that  the  next  Convention  of  the  Society  be  held  in 
Cleveland,  Ohio,  during  the  last  full  week  in  June,  1905. 

Applications  were  considered  and  other  routine  business  transacted. 

Ten  Associate  Members  were  transferred  to  the  grade  of  Member, 
two  Associates  were  transferred  to  the  g^ade  of  Associate  Member,  and 
eighteen  candidates  for  Junior  were  elected. 

*8ee  page  466. 
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VISIT  OF  MEMBERS  OF  THE 
INSTITUTION  OF  CIVIL  ENGINEERS. 

The  invitation  of  the  American  Society  of  Civil  Engineers  to  the 
Institution  of  Civil  Engineers  to  visit  America  during  1904,  was  ac- 
cepted in  December,  1902,  and  on  September  8d,  1904,  Sir  William 
White,  K.  C.  B.,  President  of  the  Institution,  and  a  party  of  74  Mem- 
bers, Associate  Members,  Associates,  and  Students  of  that  Institution, 
accompanied  by  30  ladies  and  other  guests,  a  total  of  104,  sailed  from 
Liverpool  and  arrived  in  New  York  late  on  Saturday,  September  10th. 

On  Monday,  September  12th,  nearly  all  members  of  the  party 
registered  at  the  Society  House. 

On  Tuesday,  September  lath,  the  visitors  were  received  officially 
by  the  President  at  the  Society  House,  and,  after  luncheon  had 
been  served,  the  party  entered  the  new  subway  at  the  60th  Street 
Station,  where,  by  courtesy  of  the  Interborough  Rapid  Transit  Com- 
pany, a  special  train  had  been  provided  for  the  trip  to  the  Park  Bow 
Station.  The  City  Hall  was  visited,  and  Hon.  Geo.  B.  McClellan, 
Mayor  of  New  York  City,  said  a  few  words  of  welcome.  The  party 
then  returned  to  the  subway  and  continued  an  inspection  trip  of  this 
new  work  which  was  not  then  open  to  the  public.  On  the  same  morn- 
ing the  ladies  of  the  British  party,  accompanied  by  some  American 
ladies,  took  an  automobile  drive  through  Central  Park  and  the  upper 
part  of  Manhattan,  and  were  entertained  at  luncheon  at  Claremont  on 
the  Hudson,  returning,  via  the  Biverside  Drive,  to  their  hotels. 

On  Wednesday,  September  i^th,  there  was  an  all-day  excursion  to 
the  Croton  Dam  now  in  process  of  construction.  Transportation 
for  the  party  was  furnished  by  the  courtesy  of  the  New  York  Central 
and  Hudson  Biver  Bailroad  Company,  and  luncheon  was  served  at  the 
Dam  by  invitation  of  the  contractors,  Messrs.  Coleman,  Breuchaud 
and  Coleman.     This  excursion  occupied  the  entire  day . 

Those  who  did  not  go  on  the  above  excursion  made  the  trip  around 
Manhattan  Island  in  the  steamer  Nassau^  which  was  furnished  for  the 
occasion  by  the  courtesy  of  the  Long  Island  Bailroad.  This  excursion 
took  place  in  the  afternoon. 

Both  of  these  excursions  were  largely  attended,  not  only  by  our 
visitors,  but  by  members  of  the  Society  and  their  ladies. 

Tharsday,  September  15th,  was  devoted  to  an  all-day  excursion  to 
West  Point.  The  party  left  New  York,  via  the  Hudson  Biver  Day  Line 
boat,  transportation  for  the  visitors  having  been  tendered  by  the  Com- 
pany, and  arrived  at  West  Point  about  12  o'clock.  Carriages  were 
taken  to  the  Cnllom  Memorial  where  the  entire  party  was  received  by 
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Cteneral  Albert  L.  MDIb,  XJ.  8.  A.,  Commandant,  and  Mtb.  Mills,  and, 
after  luncheon  had  been  seryed,  and  the  yarioaB  buildings  inspected, 
the  Corps  of  Cadets  paraded  in  honor  of  the  party,  and  were  reviewed 
by  General  Mills  accompanied  by  the  officers  of  the  societies  present. 
The  return  to  New  York  was  made  by  special  train  over  the  West 
Shore  Railroad.  A  photograph  of  the  party,  taken  on  the  steps  of 
the  CuUom  Memorial  after  luncheon,  is  reproduced  herewith. 

Friday,  September  i6th,  was  devoted  to  various  visits  to  points  of 
engineering  interest.  One  party  visited  the  Filtration  Plant  at  Little 
Falls,  N.  J.,  another  the  Brooklyn  Navy  Yard,  and  in  the  afternoon 
parties  were  made  up,  and  visited,  under  guidance  of  the  engineers 
in  charge,  the  following  points  of  interest:  The  Interborough  Power 
Houses,  Pennsylvania  Railroad  Shafts,  Hudson  River  Tunnel,  East 
River  Bridges,  and  the  New  York  Central  and  Hudson  River  Rail- 
road Terminal  Work. 

On  the  evening  of  this  day  a  banquet  in  honor  of  the  members  of 
the  visiting  party  was  given  at  Delmonico's  at  7.30  f.  h.  The  total  at- 
tendance at  this  banquet  was  260,  and  the  speeches  made  on  that' 
occasion  are  printed  in  the  following  pages. 

The  party  left  New  York  for  Montreal,  Canada,  at  7.80  A.  m.,  on 
Monday,  September  19th,  by  special  train,  kindly  furnished  to  the 
American  Society  of  Civil  Engineers  for  the  use  of  its  guests,  by  the 
New  York  Central  and  Hudson  River  Railroad. 

The  Society  is  also  indebted  to  the  Grand  Trunk  Railway  and  to 
the  Wabash  Railroad  for  the  courtesy  of  a  special  train  from  Toronto 
to  Chicago,  and  from  Chicago  to  St.  Louis,  respectively. 
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SPEECHES     AT    THE     BANQUET 

Given  to  the  Yismsa  Membebs 

OF  THE 

INSTITUTION  OP  CIVIL  ENGINEERS 

BY 

THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS* 

Delmonigo's,  New  Yobk. 
September  Sixteenth,  1904. 


COMMITTEE  ON  BANQUET. 

Chables  Waeben  Hunt,    Chairman; 
Chas.  W.  Bdchholz,  Geobgb  H.  Pegbam, 

AiiiiEN  Hazen,  Wif.  L.  Saundebs. 


WELCOME. 
Chables  Hebmany.  Pbesident,  Am.  Soc.  C.  E. 

Gentlemen,  Members  of  the  Institution  of  Civil  Engineers,  English- 
men and  Canadians,  Civil  Engineers  of  whatever  country  or  nationality, 
in  the  name  and  in  behalf  of  the  American  Society  of  Civil  Engineers, 
I  greet  you.  I  welcome  you.  I  extend  to  you  our  friendship  and 
hospitality. 

We  feel  honored  beyond  description  by  the  attestation  of  this  mag- 
nificent assemblage  of  professional  men — members  of  a  profession  that 
has  scarcely  a  standing  of  one  hundred  years,  and  that  ranks  to-day  as 
one  of  the  first. 

Tou,  gentlemen,  make  epochs  in  history  and  fill  the  intervening 
eras  with  blessings  for  mankind.  You  are  the  vanguards  and  pioneers 
who  subdue  Nature  and  promote  civilization  as  no  organized  body  of 
men  ever  did  in  the  history  of  the  world.  We  feel  honored  in  being 
your  hosts,  in  entertaining  you,  and  in  giving  you  the  right  hand  of 
friendship  in  a  calling  that  to-day,  in  all  the  civilized  world,  ranks 
among  the  highest.  We  hope  that  upon  this  occasion  you  feel  your- 
selves in  touch  with  our  country's  enterprises,  our  institutions,  our 
ambitions  and  our  destinies,  as  expressed  by  the  American  profession 
of  civil  engineering.     (Applause.) 

We  do  not  say  this  boastfully,  but  we  say  it  confidently,  feeling 
assured  that  in  assuming  this  position  we  do  not  go  beyond  our  depth. 
We  will  make  the  port  that  is  destined  for  this  noble  voyage  that  we 
are  engaged  in. 

Much  has  been  done  by  us  as  civil  engineers;  more  remains  still  to 
be  done.     Any  man  who  has  the  privilege  of  gazing  into  the  counte- 
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Dances  of  this  assemblage  and  there  peroeiying  the  brain  power  it  exem- 
plifies, the  physiqne  it  exhibits,  and  the  courage  that  it  has  heretofore 
and  will  hereafter  display,  cannot  donbt  that  our  destiny  is  gn^nd, 
that  onr  objects  will  be  accomplished,  namely,  making  men  indiyidn- 
ally  and  collectiyely  better  and  greater. 

Those  of  ns  who  haye  been  engaged  for  a  lifetime  in  this  yocation 
become  daily  more  imbued  with  the  nobility  of  its  character,  with  the 
magnificent  ends  that  it  has  accomplished,  and  still  has  in  yiew.  As 
a  factor  in  the  agencies  of  ciyilization,  you  will  permit  me  to  say  it  in 
modesty,  the  ciyil  engineer  ranks  second  to  none.  (Applause.)  If 
there  eyer  assembled  a  body  of  men  as  numerous  as  this  in  which 
there  was  present  a  greater  proportion  of  strong  meo,  of  intelligent 
men,  of  cultiyated  men,  of  self-reliant  men,  of  men  who  know  what 
they  are  capable  of  and  willing  to  do,  it  has  not  been  my  priyilege  to 
be  present. 

I  feel  proud  and  honored  to  haye  the  opportunity  to  attest  this 
fact,  and,  when  I  say  it  to  you,  I  do  not  say  it  in  any  yain glorious 
spirit,  but  because  I  am  impressed  with  the  absolute  truth  thereof. 
No  man  can  question  the  fact  who  has  the  priyilege  to  look  into  your 
countenances  and  to  address  your  intelligence. 

We  feel  honored  in  the  yisit  paid  us  by  our  guests  from  abroad  in 
the  sympathetic  and  enlightened  spirit  in  which  they  yiew  and  inspect 
all  our  public  works.  I  think  it  is  impossible  to  manifest  a  deeper  and 
a  more  liyely  interest  in  the  enterprises  of  our  own  or  any  other  coun- 
try than  that  which  it  has  been  my  priyilege  to  witness  on  the  part  of 
these,  our  honored  guests,  in  the  few  days  which  it  has  been  my  priyi- 
lege to  haye  intercourse  with  them.     (Applause.) 

(Gentlemen,  I  thank  you  for  the  yery  kind  attention  you  haye  giyen 
me,  and  submit  to  you  the  first  toast,  "  The  Institution  of  Civil  Engi- 
neers,*'which  will  be  responded  to  by  the  most  distinguished  nayal 
constructor  of  modem  times,  or  perhaps  any  times.  (Applause.)  In 
the  magnitude  of  the  work  accomplished,  in  the  responsibilities  as- 
sumed, and  in  the  stewardship  rendered,  he  has  no  rival  in  past  nor 
present  history.  (Applause.)  I  have  the  honor  and  pleasure  to  intro- 
duce to  you  Sir  William  H.  White,  President  of  the  Institution  of 
Civil  Engineers  of  Great  Britain,  who  will  respond  to  the  toast. 
(Applause  and  cheers.) 

THE  INSTITUTION  OF  CIVIL  ENGINEERS. 

Sib  WiMiiAM  H.  White,  K  C.B.,  F.R.S.,  Pbbsident,  Inst.  C.  E. 

Mr.  President,  Ladies  and  Gentlemen:  I  beg  you  to  believe  that 
there  has  never  been  an  occasion  in  my  life  when  1  have  felt  it  so  great 
an  honor  to  be  called  upon  to  respond  to  the  toast  which  has  been 
giyen — that  of  the  Institution  of  Civil  Engineers.    The  occasion  is  so 
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unique,  the  assemblage  so  extraordinary,  that  one  cannot  but  feel 
moyed  deeply  by  such  kind  reference  and  such  sympathetic  reception 
AS  has  marked  this  evening.     (Applause.) 

Gentlemen,  it  has  been  my  lot,  in  a  life  that  is  now  advancing, 
Although  not  so  advanced  as  some  of  my  American  friends  have  taken 
it  to  be  (Laughter)  it  has  been  my  lot  to  be  president  of  more  engi- 
neering societies  than  probably  any  man  alive.  Why  this  should  have 
been  added  to  duties  that  were  onerous  in  themselves,  I  cannot  tell, 
Ibut  I  wish,  sir,  if  I  may  in  passing  "venture  to  correct  one  statement 
which  you  made,  and  to  claim  that  it  is  more  than  a  century — ^a  good 
deal  more  than  a  century — since  there  were  great  civil  engineers.  I 
am  a  past-president  of  a  society  of  civil  engineers  founded  five  years 
before  this  great  Republic.  The  Smeatonian  Society  of  Civil  Engi- 
neers still  exists.  I  cannot  say  that  we  do  much  professional  work, 
but  I  can  assure  you,  as  an  experienced  member  of  that  institution, 
that  we  have  excellent  dinners  (Laughter);  that  we  have  choice  gather- 
ings of  kindred  spirits,  and  that  in  these  gatherings  on  many  occasions 
we  have  the  pleasure  of  receiving  American  engineers.  And  that 
society  bears  the  name  Smeatonian,  and  Smeaton  was  a  great  engineer 
nearly  one  hundred  and  fifty  years  ago,  so  that  we  go  further  back, 
and  we  claim  more  than  you,  Mr.  President,  claim  for  us — for  you, 
with  us,  share  in  that  past;  we  have  a  common  past  in  engineering  as 
well  as  in  other  branches  of  our  history  as  a  people,  for  we  are  not 
going  to  let  you  ofif  your  share  of  the  responsibilities  in  all  that  went 
"before  that  breach  which  happened  now  nearly  one  hundred  and  thirty 
years  ago  (Applause  and  laughter),  which  has  seemed  at  times  to  be 
enlarging,  but  which,  as  a  matter  of  fact,  as  the  century  goes  on,  is 
«ver  closing.  You  are  making  bridges  across  your  rivers,  and  tunnels 
underneath  to  increase  communication  between  the  different  parts  of 
this  great  city.  You  on  your  side,  we  on  ours,  are  throwing  out  bonds 
of  union.  The  breach  is  closing.  Cannot  we  say  it  is  closed?  (Great 
applause.) 

We  are  one  people  in  the  past,  with  a  common  knowledge,  with 
common  aptitudes;  as  I  said  the  other  day  in  your  house,  common 
faith,  common  hopes,  common  principles;  shall  we  not  say,  while 
holding  our  own  and  developing  on  our  own  lines,  you  in  your  great 
Bepublic  and  we  in  our  great  Empire,  that  we  shaU  have  in  all  essen- 
tials a  common  future?    (Great  applause.) 

There  hang  the  two  flags,  gentlemen,  side  by  side.  I  trust  the 
time  will  never  come— I  believe  the  time  will  never  come — ^I  am  sure 
the  time  should  never  come  (Cries  of  '*  Hear,  hear,"  and  applause) — 
when  they  won't  float  over  the  forces  of  two  great  friendly  i>eopleB, 
between  whom  there  may  be  no  formal  bond  of  alliance,  but  who  are 
bound  together  by  ties  stronger  than  any  diplomatic  documents,  for 
one  purpose  (Applause),  and  that  purpose  to  promote  the  opportuni- 
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ties  of  the  world,  to  increase  the  happiness  of  mankind,  to  nourish 
commerce,  to  establish  intercourse,  to  matie  the  whole  world  better. 

There  is  no  cant  in  such  a  wish  as  that.  (Applause.)  Gentlemeur 
what  do  we  want,  the  two  great  countries?  We  have  no  lust  of  con- 
quest;  we  have  no  desire  but  the  peaceful  prosecution  of  trade  and  the 
benefit  of  our  fellowmen,  while  doing  a  little  business  for  ourselves. 
(Applause  and  laughter.) 

We  engineers  deserre  all  that  the  President  has  said  of  ub.  Per- 
haps he  was  too  modest;  I  think  he  was.  Gentlemen,  do  you  know 
what  the  word  "engineer"  means?  I  think  sometimes  even  w» 
engineers  forget;  I  think  even  amongst  engineers  there  is  sometimes 
a  fearful  thought  that  it  has  something  to  do  with  machinery  at  the 
bottom,  after  all  (Laughter),  but  although  I  am  a  past-president  of  the 
Mechanical  Engineers,  I  scorn  that  idea.     (Laughter.) 

No,  no,  the  true  meaning  is  what  our  former  Honorary  Secretary 
of  the  Listitution  of  Civil  Engineers,  Dr.  Colgate,  gave  to  it.  It 
goes  back  to  the  old  French  verb,  to  devote  oneself,  to  get  at 
the  bottom  of  things,  to  do  things.  That  is  our  mission  here.  To 
quote  from  our  old  charter,  it  is  our  business  to  bring  the  forces  of 
Nature  into  the  service  of  Mankind.  That  is  what  we  are  always- 
doing  in  many  different  ways,  but  that  is  our  mission,  and  can  any- 
thing be  nobler?  Can  anything  be  nobler  than  to  further  the  comfort 
and  all  that  makes  for  the  happiness  of  our  fellowmen?  Can  anything 
be  better  than  to  make  peoples  know  one  another,  to  facilitate  inter- 
course, to  promote  interchange,  and  so  to  make  the  whole  world  one 
—and  that  is  the  mission  of  the  engineer. 

And  one  need  not  go  so  far  afield  as  that,  for  here  in  this  great 
city  it  seems  to  me  the  lesson  stares  one  in  the  face  on  every  side. 
This  city,  in  its  situation  and  its  surroundings,  has  natural  advan- 
tages which,  in  some  respects,  are  unsurpassed,  but  what  would  they 
all  have  been  without  the  labors  of  the  engineer?  What  use  could  be 
made  of  them  if  there  had  not  been  men  who  were  able  to  deal  with 
the  situation  and  to  turn  it  to  practical  account? 

And  now,  as  by  your  favor,  we,  your  visitors,  your  guests,  have 
been  taken  from  day  to  day  from  one  place  to  another  in  this  marvel- 
ous region,  this  region  of  enlightenment  from  the  engineer's  point  of 
view,  we  find  on  every  side  not  merely  monuments  of  past  work,  but 
we  find  great  works  in  progress — progress  which  is  so  rapid  as  to  be 
almost  startling.  We  find  bridges,  tunnels,  all  kinds  of  transit,  includ- 
ing that  gpreat  work  which  we  had  the  happiness  of  visiting  three  days 
ago  (time  passes  so  quickly  that  one  almost  forgets),  and  I  hope,  gentle- 
men, that  when  the  Rapid  Transit  Subway,  which  is  now  so  near  open- 
ing, is  opened,  it  will  always  be  remembered  that  we  of  the  Civil 
Engineers  from  Great  Britain  were  amongst  the  first  to  be  taken  over 
its  lines,  and  perhaps  of  all  the  millions  who  in  the  future  will  be  car- 
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ried,  there  will  be  none  who  will  be  more  stricken  with  admiration, 
and  I  donbt  if  there  will  be  manj  more  competent  to  appreciate  the 
magnitude  of  that  great  scheme.  (Cries  of  '*  Hear,  hear,'*  and  ap 
plause.) 

And  then  one  cannot  forget  these  towering  stmctnres  that  lift  their 
heads  to  heaven  becanse  the  earth  below  is  so  precious.  (Laughter.) 
Well,  now,  where  would  they  be  without  the  civil  engineer?  When 
one  sees  them  in  their  finished  form,  in  what  may  be  called  an  archi- 
tectural disguise  (Laughter),  one  criticises  the  taste  and  ability  of  the 
architect j  but  beyond  that  lies  a  skeleton.     (Laughter.)    I  do  not  ^ 

know  what  the  future  of  New  York  will  be,  but  we  have  got  a  proverb 
about  skeletons  in  the  cupboard,  but  here  the  skeleton  is  far,  far  more 
extensive  than  can  be  put  into  any  cupboard,  in  fact,  it  makes  the 
thing  itself.  It  is  only  another  proof,  Mr.  President,  of  your  general 
proposition  that  the  most  modest  men  on  earth  are  the  civil  engineers 
(Laughter  and  applause),  and  that  almost  leads  me  to  say  that  I  must 
sit  down  at  once,  but  there  is  one  thing  more  I  want  to  say. 

Professors  of  pure  science  are  now  busy  with  one  more  speculation 
upon  the  constitution  of  matter.  It  is  a  great  thing  to  be  optimistic; 
it  is  a  splendid  thing  to  believe  that  what  you  are  saying  at  the  time 
is  the  last  word  on  the  subject,  because  it  gives  you  confidence  and 
force.  It  is  quite  true  that  you  may  have  to  amend  it  next  year,  but 
meantime  be  confident,  at  least  be  confident;  and  so  we  are  told  that 
now  there  is  good  evidence  that  electricity — whatever  that  may  be — 
is  the  substance  upon  which  all  matter  is  based,  of  which  all  matter 
consists.  Well,  we  have  had  the  ether  with  us  for  many  years;  it  is 
a  convenient  term;  it  enables  us  to  imagine— to  exercise  the  scientific 
imagination— and  so  to  frame  theories  by  which  certain  phenomena 
may  be  reconciled  or  explained,  and  so  1  have  no  quarrel  with  my 
brothers  in  the  scientific  world  because,  gentlemen,  I  for  one  venture 
to  say  that  the  engineer  is  as  truly  a  man  of  science  as  the  man  who 
devotes  his  efforts  to  pure  research.  We  are  brothers  in  science,  and 
when  any  one  is  disposed  to  tell  me  that  the  man  who  turns  his  scien-  ^ 

tific  knowledge  to  practical  account  falls  into  some  inferior  position,  1 

I  say,  nonsense,  nonsense.     (Applause.)  i 

There  is  no  other  way  of  dealing  with  the  subject,  nor  is  there  any  I 

force  in  the  contention  that  there  is  something  mean  and  sordid  in 
one's  getting  his  livelihood  by  doing  honest  work,  even  as  an  engineer 
(Laughter) ;  but  coming  from  these  speculations,  we  on  our  side  have 
quite  as  high  a  respect  for  electricity  as  the  purely  scientific  theorists, 
only  to  us  electricity  is  a  servant  to  be  yoked  and  moulded  and 
adapted  to  the  needs  of  the  universe  and  of  mankind,  and  here  in  this 
great  city  one  seems  to  live  in  an  electric  atmosphere;  the  hum  of  the 
dynamo  is  over  it  all  (Laughter),  and  my  first  nights  here  were 
troubled  by  strange  and  unusual  noises,  and  my  windows  were  lit  up 
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by  fitful  flashes,  and  I  have  come  to  the  conclusion  that  one  reason 
why  we  Englishmen  have  enjoyed  this  visit  so  much  is  that  we  have 
been  in  a  magnetic  field  all  the  time.     (Applause  and  laughter.) 

At  all  events,  this  I  am  sure  of,  that  the  magnetism  of  your  kind- 
ness and  the  courtesy  of  your  reception,  your  constant  care  for  our 
comfort,  the  generous  hospitality  which  we  have  received  on  all  sides, 
must  tend  to  bring  about  closer  union  between  engineers  here  and  at 
what  we  can  all  call  *'home,"  for  though  the  President  alluded  to 
visitors  from  abroad,  I  claim  that  we  are  visitors  from  home — home. 
^  '  (Great  applause.)    And  when  you  come  there,  you  will  come  home. 

(Applause.) 

It  is  true  it  is  the  old  home;  you  have  your  own  homes.  That  is 
all  right.  We  have  our  children;  they  make  their  homes;  but,  gentle- 
men, they  always  say,  they  will  go  '*  home  "  so  long  as  the  father  and 
the  mother  can  be  found,  and,  gentlemen,  they  often  go  home  even 
when  the  father  and  mother  are  no  longer  there. 

I  heard  a  story  in  New  York — and  that  is  the  last  word  I  will  say — 
it  was  only  a  few  days  ago  I  was  talking  with  a  working  woman  here, 
and  she  said  to  me,  **  You  are  an  Englishman."  **  Yes,"  I  said,  ''I  am." 
She  said,  *'  My  father  was  an  Englishman;  he  came  here  and  brought 
me  when  I  was  only  six  months  old,  and  he  is  now  an  old  man  and  he 
is  at  home  in  England."  I  said,  "  He  has  gone  to  England?  "  '*  Yes," 
she  said,  '*  ELe  told  us  that  he  could  not  die  happy  until  he  had  gone  to 
see  his  home  again.  He  was  only  a  workingman,  and  his  children  said 
to  him,  '  Isn't  it  too  arduous  a  journey,  too  long  a  journey,  too  difiicult 
a  journey  for  an  old  man  like  you? '  He  said,  '  No,  I  must  go  home.' " 
(Applause.) 

Gentlemen,  that  word  is  English,  peculiarly  English.  There  is  no 
other  language  that  has  that  word,  and  that  is  common  to  us  all. 
(Great  applause  and  cheers.) 

^  Thb  Pbbsident. — Gentlemen,  the  next  toast  is  **  The  Louisiana 

I  Purchase  Exposition."    It  will  be  responded  to  by  a  past-president  of 

'  of  the  American  Society  of  Oivil  Engineers,  whose  home  is  in  St. 

Louis,  whose  connection  and  identification  with  all  of  her  most  im- 
portant enterprises,  municipal  and  commercial,  has  been  so  close  as 
to  qualify  him  in  an  eminent  degree  to  respond  to  this  toast.  I  have 
now  the  honor  to  introduce  to  you  Mr.  Bobert  Moore.     (Applause.) 

THE  LOUISIANA  PURCHASE  EXPOSITION. 

BoBEBT  MooBE,  Past-Pbbstdent,  Am.  Soo.  C.  E. 

Mr.  President  and  Gentlemen  of  the  Society  of  Oivil  Engineers,  you, 
Mr.  President,  and  Gentlemen,  Members  of  the  Institution  of  Oivil 
Engineers,  in  addition  to  the  reasons  which  have  been  given  to  you  by 
our  President  or  which  will  be  given  to  you  by  those  who  follow  me  for 
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welcoming  you  to  onr  shores,  we  who  live  beyond  the  Mississippi  have 
reasons  that  are  peculiarly  our  own.  For  we,  in  that  region,  are  this 
year  celebrating  our  first  great  territorial  holiday,  in  commemoration 
of  the  Centennial  Anniversary  of  that  most  auspicious  year  in  which 
the  flag  of  Spain  and  the  flag  of  France  were  lowered,  and  the  flag  of 
the  English-bred  and  English-speaking  people  of  the  United  States  of 
America  was  hoisted  in  their  place.     (Applause.) 

The  territory  which  was  thus  added  to  our  national  domain  was  the 
whole  western  water-shed  of  the  Mississippi  River,  a  territory  which, 
in  extent,  is  more  than  equal  to  the  area  of  Great  Britain,  Germany^ 
France,  Italy,  Spain  and  Portugal  combined. 

To  this  great  territory,  therefore,  gentlemen,  we  bid  you  a  most 
hearty  welcome,  and  we  trust  that  you  may  traverse  it  from  end  to 
end,  that  you  may  see  what  marvelous  results  United  States  American 
English-speaking  energy  and  enterprise  have  wrought  for  us.  For, 
in  those  years,  the  wigwam  of  the  savage  has  been  replaced  by  the 
home  of  the  white  man ;  the  prairies  have  been  dotted  over  with  school 
houses  ;  in  the  wilderness  great  cities  have  sprung  up  as  by  magic,, 
and  the  whole  area  has  been  covered  with  a  network  of  railways, 
whereby  widely  separated  States  have  been  bound  together  into  one 
people — a  people  as  alert,  as  resourceful,  as  self-reliant — and,  may  I 
say  it,  as  open-minded  and  as  open-hearted  as  any  people  upon  whom 
the  sun  has  ever  shone.  (Applause.)  And,  not  content  with  this,  our 
hardy  pioiieers  have  crossed  the  crest  of  the  water-shed  of  the  Missis- 
sippi River  by  which  we  were  bounded,  and  have  pressed  on  west- 
ward to  the  last  limits  of  the  land,  and  now  we,  their  successors,, 
through  an  American  cable,  touching  on  its  way  only  on  American 
soil,  send  greeting  to  our  English  brethren  across  the  ocean  at  Hong 
Kong.     (Applause.) 

Whatever  may  be  said  of  the  motive  of  Napoleon  in  making  this 
transfer — and  I  think  little  that  is  good  can  be  said  of  him— there  is 
little  doubt  that  of  all  the  acts  of  his  life  this  was  the  one  which  haa 
contributed  most  to  the  welfare  of  mankind.  It  removed  peaceably  a  bar- 
rier in  the  development  of  a  fresh  and  vigorous  people;  it  placed  the 
tools  of  civilization  in  the  hands  of  those  who  have  known  well  how  to- 
use  them. 

As  a  means  of  commemorating  and  celebrating  this  great  event  in 
our  history  and  in  the  world's  history,  it  has  seemed  to  us  that  there 
was  no  more  fitting  precedent  that  we  could  follow  than  one  which  haa 
been  set  for  us  by  you  in  the  mother  country  in  the  first  great  inter- 
national exhibition  of  1851.  The  government  and  the  people  of  the 
United  States,  therefore,  have  joined  with  the  chief  city  of  the 
Louisiana  Purchase,  and  the  chief  city  of  the  Mississippi  Valley,  in. 
inviting  the  nations  of  the  world  to  join  with  us  in  an  international 
exhibition  in  which  each  nation  should  bring  that  which  will  best 
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illustrate  the  progress  which  it  hiw  made  in  the  arts  of  oivilization; 
and  to  this  call  the  response  has  been  so  general  and  so  cordial  as  to 
exceed  onr  most  sanguine  expectations,  and  the  result  has  been  an  ex- 
hibition which  is  certainly  unequalled  in  extent  and  unsurpassed  in 
quality. 

In  some  respects,  indeed,  it  is  quite  unique.  Never  before  have  the 
nations  of  the  Orient,  China,  Japan  and  our  own  new  possession,  the 
Philippines,  been  so  fully  represented;  never  have  there  been  gathered 
together  so  many  examples  of  the  early  types  of  mankind.  One  may 
therefore  see,  not  only  the  civilization  of  the  present  day  represented 
in  its  works,  but  he  may  also  see  in  living  examples  the  steps  by 
which,  throagh  centuries  and  millenniums  of  the  past,  this  civilization 
has  been  attained. 

Of  the  value  of  such  an  exhibition,  as  an  educational  influence, 
as  a  means  of  better  understanding  between  nations,  and  as  a  means 
of  stimulating  them  to  greater  efforts  on  the  part  of  each  in  the  future, 
too  much  cannot  be  said.  But  to  no  class  of  men  does  such  an  exhi- 
bition have  greater  interest  than  to  the  engineers,  using  the  word 
"  engineering  "  in  the  broad  sense  of  the  words  of  Tredgold  to  which 
you  have  alluded  and  which  has  been  adopted  as  a  part  of  the  charter 
of  the  Institution  which  you  represent,  that  is,  as  the  *<  Art  of  direct- 
ing the  great  sources  of  Power  in  Nature  for  the  use  and  convenience  of 
Man. "  In  this  sense  I  say  that  this  exhibition  and  all  such  exhibitions 
are  largely  an  exhibit  of  the  work  of  the  engineer.  Everywhere  may 
be  seen  the  work  of  Watt,  and  Smeaton,  and  Telford,  and  Stevenson, 
and  their  thousands  of  successors.  In  fact,  were  it  not  for  the  steam 
engine,  for  the  railway  and  for  the  thousand  tools  and  trades  which 
these  elementary  devices  and  inventions  have  made  possible,  the  very 
formation  of  such  an  exhibit  would  have  been  an  impossibility,  if, 
indeed,  it  had  not  been  beyond  the  possibility  of  man  to  conceive. 

To  this  great  territory,  then,  the  acquisition  of  which  by  the  United 
States  marks  one  of  the  great  steps  of  the  English-speaking  people  in 
the  leadership  of  mankind,  and  to  this  great  exhibition  which  regis- 
ters the  progress  which  man  has  made  to-day  at  the  opening  of  the 
Twentieth  Century  in  subduing  the  forces  of  Nature  to  the  service  of 
Man,  we  bid  you  a  most  hearty  welcome,  and  may  your  visit  add  as 
much  to  your  pleasure  and  your  profit  as  it  will  add  to  our  pride  and 
to  the  prestige  of  our  holiday.     (Great  applause.) 

The  Pbbsidbnt.— Gentlemen,  the  next  toast  in  order  is  "  The  Inter- 
national Engineering  Congress,  *'  which  will  be  responded  to  by  a  mem- 
ber of  our  Society  to  whom,  in  his  enthusiasm  in  the  profession  of 
engineering,  I  cannot  do  reasonable  justice.  I  will  permit  you  to 
judge,  yourselves,  when  he  dilates  to  you  upon  this  subject.  I  have 
the  honor  now  to  introduce  to  you  Mr.  Henry  S.  Hainest     (Applause.) 
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THE  INTERNATIONAL  ENGINEERING  CONaBfiSS. 
Hemby  S.  Hauoes,  M.  Ak.  Soc.  C.  R 

Mr.  President  and  Ctentlemen,  in  which  expression  I  hare  the  honor 
of  including  the  ladies,  yon  have  all  listened  with  interest  to  the  remarka 
made  by  our  honored  Past-President  with  reference  to  the  Louisiana 
Purchase  Exposition.  Now,  may  I  be  permitted  to  divert  the  current 
of  your  thoughts  for  a  few  moments  to  a  side-show  of  that  exposition. 
(Laughter.)  In  the  words  of  the  immortal  Artemus  Ward,  who  said 
that  his  show  was  a  moral  show,  I  want  to  say  that  this  show  about 
which  I  am  to  speak  to  you  also  has  a  moral,  and  before  I  get 
through  with  what  I  have  to  say  I  hope  that  you  will  see  what  the 
moral  of  it  is. 

Those  of  us  who  have  not  yet  had  the  opportunity  to  visit  the  St. 
Louis  Exposition  may  take  it  for  granted  that  there  are  exceedingly 
interesting  exhibits  of  the  material  resources,  the  industrial  products 
and  the  works  of  art  of  many  other  countries,  but  that  the  only  real,, 
adequate  and  representative  display  will  be  from  our  own  land,  and  it- 
will  be  that  part  of  the  exposition  which  will  be  of  most  interest  to. 
our  friends  from  abroad.     (Applause.) 

Now,  as  we  Americans,  or  I  will  put  it  a  little  more  modestly,  as 
we  United  Staters  pass  along  in  review  of  these  miles  of  our  exhibits^ 
and  our  hearts  swell  with  pride  at  the  impression  which  we  know 
that  those  exhibits  will  make  upon  the  minds  of  these  visitors  as  to> 
our  greatness  and  our  power,  is  it  not  worth  our  while  to  look  back 
to  the  origin  of  all  this  greatness,  and  to  consider  how  much  of  it  ia 
due  to  ourselves  and  how  much  to  a  benign  Providence. 

We  have  inherited  a  splendid  patrimony,  it  is  true,  but  have  we 
made  the  best  use  of  it?  Those  who  have  never  been  abroad  may 
thipk  that  we  have;  those  of  us  who  have  had  the  opportunity  to  see 
what  the  rest  of  the  world  is  doing  may  be  rather  doubtful  of  it. 

It  is  this  question  which  comes  home  with  peculiar  force  to  every 
member  of  the  engineering  profession  in  this  country,  for  this  won- 
derful  display  of  exhibits  would  be  meaningless  and  without  intelli- 
gible connection  with  its  purposes  unless  it  could  be  associated  with 
some  rational  interpretation  of  the  processes  by  which  all  these  things 
were  brought  into  existence. 

In  the  growing  complexity  of  industrial  instrumentalities,  there  ia 
scarcely  one  of  these  exhibits  but  which  owes  either  its  form  or  its 
function  to  some  phase  of  engineering  activity.  It  is  this  aspect  of 
the  St.  Louis  Exposition  which  makes  it  a  most  favorable  opportun- 
ity for  us  to  compare  our  own  engineering  processes' with  those  which 
have  been  developed  elsewhere  under  different  conditions,  and  more 
deliberately.  Have  we  made  a  better  use  of  our  national  resourc«a 
than  others  have?  Have  we  applied  them  to  the  welfare  of  our  people 
with  greater  efficiency  and  economy  ? 
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It  is  in  response  to  this  atiitnde  of  yonr  own  minds  that  yon,  the 
members  of  the  engineering  profession  in  this  conntry,  may  derive 
the  most  profit  from  an  examination  of  the  display  made  at  this  St. 
Louis  Exposition. 

Gentlemen,  with  this  in  mind,  the  Board  of  Direction  of  the  Amer- 
ican Society  of  Oiyil  Engineers  has  undertaken  the  organization  of  an 
International  Engineering  Congress  in  connection  with  this  Exposi* 
tion.  In  doing  so,-  the  Board  recognizes  the  responsibilities  which 
haye  isittached  to  this  society  for  over  half  a  century  in  the  legitimate 
exercise  of  its  function  as  the  representative  organization  of  the  en- 
gineering profession  in  general  in  this  country.  Its  high  standard  of 
requirements,  both  personal  and  professional,  attest  to  the  character 
and  the  attainments  of  the  thirty-two  hundred  of  its  members,  and 
we  may  even  claim  for  it  that  it  is  a  sort  of  an  International  Association 
in  itself,  since  nearly  ten  per  cent,  of  its  members  reside  abroad. 

The  American  Society  of  Civil  Engineers  would,  therefore,  seem 
eminently  fitted  to  undertake  an  organization  of  such  a  Congress  as 
being  the  central  source  from  which  have  radiated  the  several  speci- 
mens that  have  won  their  way  to  prominence  since  its  foundation,  as 
factors  in  the  ever- widening  field  for  the  application  of  the  forces  of 
Nature  to  the  use  of  Mankind. 

Keeping  this  purpose  in  view,  the  Committee  on  Organization  has 
selected  from  this  general  field  of  engineering  certain  topics  for  dis- 
cussion at  this  Congress  as  being  of  immediate  and  increasing  impor- 
tance, not  only  to  the  engineering  profession,  but  to  civilization  as 
well,  for  civilization  is  advancing  with  such  rapidity  that  its  progress 
can  no  longer  be  followed  step  by  step  for  a  century,  in  an  exposition 
of  its  ashievement;  only  for  a  decade  at  most,  and  any  effort  to  set 
forth  its  processes  cannot  be  successful  that  undertakes  to  do  more. 
The  Committee,  therefore,  hopes  that  the  proceedings  of  this  Con- 
gress may  set  forth  the  progress  that  has  been  made  in  the  past  ten 
years,  in  the  improvement  of  processes  and  appliances  in  the  several 
branches  of  engineering,  rather  than  to  be  devoted  to  historic  and 
biographical  reminiscences  and  to  the  description  of  monumental 
work,  and  that  the  deliberations  of  this  Congress  may  be  the  means 
of  enlightenment  to  the  members  of  this  Society,  to  whose  liberality 
we  are  indebted  for  the  means  to  bring  this  Congress  about. 

In  accordance  with  these  views,  the  Committee  has  endeavored  ta 
prepare  a  suitable  basis  for  the  succinct  discussion  of  these  several 
topics  which  have  been  selected,  by  procuring  from  engineers  of 
recognized  eminence  in  their  respective  countries  leading  papers  for 
this  very  purpose,  to  confine,  as  far  as  possible,  the  discussion  to  thift 
particular  phase  of  engineering  progress,  and  from  the  opportunitiea 
afforded  me  to  form  an  opinion,  I  believe  that  from  the  responses 
which  have  been  made  to  the  requests  of  the  Committee,' that  the  pro- 
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ceedings  of  the  Congress — in  which  will  be,  of  course,  included  the 
discussions  at  the  sessions — will  be  of  interest  and  of  value  as  an  ex- 
hibit of  the  most  recent  practice  in  the  several  branches  of  engineer- 
ing, not  only  here,  but  also  abroad. 

The  syllabus  of  subjects  includes  topics  relating  to  military  and 
naval  engineering,  in  which  the  chiefs  of  the  department  bureaus  at 
Washington  have  most  kindly  taken  an  interest.  In  our  country  the 
military  engineers  have  the  improvement  of  harbors  and  waterways 
directly  under  their  charge,  and  you  will  see  from  their  contribution 
to  the  transactions  of  the  Congress  that  their  ability  and  experience 
is  of  as  much  value  to  their  country  in  the  development  of  its  re- 
sources as  in  the  defense  of  its  frontiers.     (Applause.) 

There  is  another  feature  of  this  Congress  which  it  is  greatly  de- 
sirable to  have  properly  emphasized,  and  that  is  the  topic  of  engineer- 
ing education.  No  one  should  undervalue  the  lessons  of  empirical 
experience,  of  knowing  how  to  do  things  for  themselves,  the  very  basis 
of  engineering  as  an  art;  but  as  the  field  of  engineering  broadens  from 
the  structural  use  of  materials  to  include  the  application  of  natural 
forces,  as  engineering  approaches  the  condition  of  applied  science, 
it  becomes  of  as  much  importance  to  know  what  can  be  done  as  to 
know  how  to  do  it,  and  this  is  the  service  which  the  engineer,  in  the 
study  and  the  laboratory,  renders  to  the  engineer  in  the  field. 

Now,  as  the  Committee  has  set  apart  a  section  for  the  discussion  of 
what  may  be  termed  engineering  pedagogy,  it  is  to  be  hoped  that  that 
section  may  be  made  of  conspicuous  value  by  the  concurrent  aid  of 
all  professors  of  technology,  and  of  those  engineers  from  abroad  who 
are  here  to-night  I  ask  on  behalf  of  the  Committee  that  they  will  take 
an  active  interest  in  the  sessions  of  the  Congress,  for,  gentlemen, 
whatever  may  be  the  differences  of  opinion  among  us  here  at  home  as 
to  the  discouragement  of  the  importation  of  foreign  commodities,  I 
believe  that  none  of  us  desire  a  prohibitive  tariff  on  international  ex- 
change of  ideas.     (Applause.) 

Now  that  I  am  addressing  my  remarks  to  our  friends  who  have 
been  with  us  for  this  past  week,  I  would  like  to  conclude  what  I  have 
to  say  by  something  that  I  have  been  reminded  of  in  the  very  eloquent 
remarks  of  the  distinguished  gentleman  who  represents  our  foreign 
visitors  here,  or,  I  ought  to  say,  our  brothers  from  the  old  home, 
(Applause)  by  relating  the  experience  of  a  friend  of  mine,  which  I  do 
not  mind  telling  you  before  my  American  brethren. 

Well,  my  friend  was  at  Saratoga  Springs,  which  is  one  of  our  noted 
national  watering  places,  and  he  was  taking  a  drive  around  the 
environment,  and  his  driver  who  was  telling  him  about  all  the  things 
there  were  to  be  seen,  about  all  the  fine  residences  and  the  beautiful 
groands  and  the  views  on  the  lakes,  and  what  great  sport  they  were 
having  at  thcTaces  and  all  this  kind  of  thing,  and  it  occurred  to  my 
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friend  to  ask  bim  to  drive  liim  to  the  battlefield  of  Saratoga.  Well, 
the  man  pondered  for  a  moment,  and  he  aaid,  "The  battle  of  Sara« 
toga?"  '*  Why,"  he  says,  **I  never  heard  of  any  snch  battle." 
(Langhter.)  '*Oh,  yes,"  my  friend  said,  <*0h,  yes,  it  was  a  great 
battle  where  we  fought  the  British. "  * '  Well, "  the  man  says,  •*  may  be 
so,  it  might  have  been  snch  a  battle,  bnt  I  never  heard  of  it,  bnt  if 
there  ever  was  snch  a  battle  I  reckon  it  is  obsolete  now."  (Applanse 
and  langhter. ) 

Now,  gentlemen,  I  mnst  qnote  Art  em  us  Ward  to  yon,  "  The  force 
of  this  remark  lies  in  the  application  thereof."    (Great  applanEe.) 

The  Pbbsidbnt. — Gentlemen,  the  next  toast  in  order  is  *'  The  City 
of  New  York."  This  was  to  have  been  responded  to  by  the  Hon. 
George  B.  McClellan,  who,  by  official  duties,  is  prevented  from  being 
present,  and  therefore  you  may  assume  that  this  great  metropolis  ex- 
tends to  you  the  heartiest  welcome  and  its  unlimited  hospitality;  bids 
you  Godspeed  in  your  work,  and  encourages  you  in  all  your  enter- 
prises, whether  National,  State,  or  International. 

We  will  therefore  pass  the  toast,  and  proceed  to  the  next,  which 
is  ''The  Civilization  Engineer,"  a  subject  upon  which  you  will  be 
addressed  by  a  man  who  has  made  this  subject  one  of  exhaustive 
study  and  is  prepared  to  give  you  some  of  its  most  recent  and  en- 
couraging directions.  I  have  the  honor  to  introduce  to  you  Mr. 
James  P.  Munroe.     (Applause.) 

THE  CIVILIZATION  ENGINEER. 
Jahbs  p.  Munboe,  Esq. 

Mr.  President,  my  British  fathers  and  my  American  brothers:  I 
hasten  to  repudiate  the  idea  that  engineers  need  civilizing.  The  dis- 
tinguished President  of  your  British  Institute,  in  his  very  charming 
address,  told  us  rather  complacently  of  the  Smeatonian  Institution 
which,  he  says,  was  old,  gave  fine  dinners,  and  did  nothing.  I,  too, 
coming  from  Boston,  would  like  to  brag  a  little.  (Laughter.)  We 
have  in  Boston  an  institution  that  is  old,  that  gives  fine  dinners  and 
does  nothing.  (Laughter.)  Need  I  say,  for  you  Britishers  are  well 
acquainted  with  it,  that  I  mean  the  Ancient  and  Honorable  Artillery 
Association.  (Great  applause.)  And  speaking,  as  the  last  gentleman 
did,  of  obsolete  battles,  may  I  venture  to  say  that  I  was  bom  in  Lex- 
ington, and  my  great  grandfather  lined  the  men  who  first  defied  you. 

And  in  this  connection  they  tell  a  good  story  of  that  most  charm- 
ing and  beautiful  old  Englishman  who  is  now  a  resident,  and  haa 
been  for  many  years  a  resident  of  America,  the  Bev.  Bobert  Collier. 
Some  years  ago  he  took  his  little  grandson,  who  is  a  fine  American 
patriot,  to  Ldxington  to  show  him  the  battlefield  there,  and  the  Bev. 


404  BANQUET  TO   BRITISH  ENGINEEBS.  [Society 

Robert  Collier  said  to  the  boy,  after  explaining  the  details.  **  Well, 
Sonny,  it  was  not  much  of  a  battle  after  all."  **  Well,  Grandpa,  any- 
way we  licked  yon."    (Laughter.) 

I  wish  to  thank  you,  Mr.  President,  and  Qentlen^en  of  the  Ameri- 
can Society,  for  the  extraordinary  privileges  of  being  here  this  evening, 
and  of  joining  in  the  expressions  of  pleasure  at  seeing  here  so  many 
eminent  engineers  from  the  other  side  of  the  Atlantic,  that  Atlantic 
which  by  engineering  skill  has  been  reduced  to  the  mere  width  of  an 
ordinary  pond,  separating  us,  as  Sir  William  White  has  said,  from  our 
old  home.  As  an  unprofessional  man,  I  feel  an  exaltation  at  being  in 
this  high  company;  as  a  Bostonian  I  feel  grateful  that  this  huge 
metropolis  is  willing  even  to  acknowledge  that  there  is  any  other  city 
in  America  (Laughter],  and  as  a  layman  I  rejoice  in  the  opportunity 
of  saying  and  trying  to  prove  what  I  have  long  maintained,  that  you 
civil  engineers  are,  in  fact,  civilization  engineers;  that  you  are  not 
merely  builders  of  roads  and  bridges  and  mills  and  machines,  but  that 
you  are,  in  the  supremest  way,  builders  of  a  better  material,  intellec- 
tual and  spiritual  life.  As  an  outsider,  I  may  claim  for  you  what  you 
are  rather  ready  to  claim  for  yourselves,  the  first  place  among  the 
forces  which  make  for  the  material  and  moral  advancement  of  man- 
kind. 

In  your  journeyings  here,  you  have  seen  or  will  see,  doubtless, 
many  of  our  public  monuments  and  statues,  and  with  some  notable 
exceptions,  you  will  doubtless  wonder,  as  we  do  when  we  look  at 
them,  why  it  is  that  individuals  and  communities  are  willing  to  spend 
such  large  sums,  of  money  in  advertising  publicly  their  ignorance  of 
art.  (Applause  and  laughter.)  But  with  these  notable  exceptions, 
you  will  agree  with  us  that  the  striking  and  important  monuments 
here  are  not  the  work  of  the  sculptor,  but  that  those  monuments  of  the 
railroads  and  the  bridges,  the  subways  and  the  towering  skyscrapers, 
and  by  the  way,  speaking  of  those  reaching  heaven,  we  Bostonians  be- 
lieve that  that  is  the  only  way  in  which  New  Yorkers  ever  will  reach 
heaven.  (Laughter  and  applause.)  These  monuments,  we  believe, 
and  we  think  you  will  agree  with  us,  are  the  great  monuments  of  this 
country.  Those  statues  of  marble  and  of  bronze  are  static;  they 
represent  past  events  which  our  later  experience  may  have  repudi- 
ated, but  these  monuments  of  the  engineer  are  glorious,  dynamic 
evidence  of  the  splendid  future  that  is  to  be. 

Once  upon  a  time,  we  Bostonians  permitted  a  leaden  statue  of 
King  George  III;  later  we  decided  to  melt  it  into  buUets  to  fire  at 
His  Majesty's  troops. 

Not  many  years  ago,  in  this  City  of  New  York,  they  erected  a  tri- 
umphal arch,  which,  I  believe,  is  no  longer  standing.  (Laughter.) 
In  the  Boston  Athenaeum  there  stands  a  row  of  marble  busts  un- 
labeled, for  the  reason  that,  although  fifty  years  ago  those  men  were 
great,  to-day  not  one  human  being  can  identify  them.     (Laughter.) 
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Bnt  yon  engin^eis,  on  the  other  hand,  are  every  day  bnilding  your 
own  monuments;-  every  day,  in  laying  the  foundations  ol  your  struct- 
ures, you  are  laying  more  solidly  the  foundations  of  human  welfare; 
every  day  as  you  uplift  those,  structures  you  are  uplifting  all  man- 
kind; every  day  as  your  workmen  drive  in  the  bolts,  you  engineers  are 
bringing  closer  and  closer  together  the  whole  human  family.  Every 
day,  silently  and  steadily,  you  engineers  are  transforming  the  destruc- 
tive agencies  of  the  old  military  engineer  into  the  constructive 
agencies  of  the  civil — or,  as  I  like  to  call  him — the  civilization  en^ 
gineer. 

There  is  no  doubt  that  you  engineers  are  the  supreme  motive  force 
of  modem  civilization,  first,  as  I  have  said,  because  your  work  is 
dynamic  and  not  static;  secondly,  because  in  everything  that  you  do, 
jnore  than  anything  any  other  man  has  to  do,  you  have  to  be  obedient 
to  absolute  and  immutable  laws;  and  thirdly,  because  in  eagerly 
seeking  out  those  laws  and  using  them  for  the  benefit  of  mankind  you 
iure  freeing  man,  making  him  the  master  where  he  was  formerly  the 
slave  of  Nature  (Applause),  and  to  civilize  a  man  is  simply  to  make 
the  animal  side  of  him  independent. 

The  hungry  man  can  have  no  thought  except  of  his  insistent  appe* 
tite;  the  isolated  man  can  have  no  ideas  beyond  the  narrow  range 
of  his  horizon;  the  man  bound  down  to  grinding  toil  can  never  lift 
his  mind  and  soul  above  his  daily  torture;  but  you  engineers,  by  your 
work,  are  making  the  hungry  man  and  the  hungry  nation  to  disappear; 
by  your  labors  you  are  bringing  the  isolated  man  into  commerce  with 
all  the  world;  by  your  inventions  you  are  replacing  the  aching  and 
strained  muscles  of  the  manual  laborer  by  the  tireless  machine. 

A  pessimist  is' said  to  be  a  person  who  has  to  live  in  the  house 
with  an  optimist.  (Laughter.)  If  that  be  true,  then  my  family  must 
be  sad  pessimists,  for  I  have  abounding  faith  in  humanity,  and  I  see 
no  immediate  or  future  danger,  as  many  do,  in  the  tremendous  power 
of  wealth  that  the  labors  of  you  engineers  have,  in  the  last  half  cen- 
tury, created,  for  it  is  your  work  alone  that  in  this  last  half  century 
has  created  these  colossal  fortunes,  these  enormous  combinations  of 
business,  this  speculation  and  promotion  on  a  x>^rfectly  incredible 
scale;  but  these  evils  appear  gigantic  as  compared  with  similar  evils 
of  the  last  generation,  simply  because  everything  now,  the  whole 
«cale  is  itself  colossal. 

There  has  been  a  tremendous  advance  of  the  whole  social  scheme, 
And,  while  that  social  advance  has  made  rich  men  incredibly  richer,  it 
has  also  lifted  up  at  the  same  time  thousands  and  hundreds  of  thou- 
sands of  men  who,  under  old  conditions,  Would  have  known  nothing 
but  hopelessness;  it  has  lifted  out  of  utter  degradation  thousands 
and  tens  of  thousands  of  others  who  are  now  decent  citizens  because 
of  the  work  of  you  engineers. 
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As  I  have  said,  I  am  not  a  professional  man,  bat  in  connection 
with  the  Massachnsetts  Institnte  of  Technology,  which  1  am  sorry 
you  are  not  to  visit  as  an  organization,  and  which  I  hope  yon  will 
visit  as  individuals  before  you  go  back — ^in  connection  with  the  Mass- 
achusetts Institute  of  Technology  I  have  something  to  do  with  the 
training  of  young  men,  and  it  seems  to  me  that  the  most  important, 
as  well  as  the  most  difScult,  problem  before  all  of  these  schools  of 
applied  science  is  to  make  the  young  graduate  understand  the  tre- 
mendous power  that  he  has  in  civilization,  the  colossal  part  that  he 
is  to  play  in  the  future  of  the  world. 

The  average  undergraduate  fixes  his  mind  upon  professional  de- 
tails, upon  what  we  may  call  the  knacks  and  tricks  of  the  trade. 
The  duty  of  those  schools  should  be  to  make  those  young  men  see  that 
they  are  not  to  be  simply  engineers;  that  they  are  to  be  leaders  in  civ- 
ilization. Therefore,  the  work  of  those  schools  is  not  simply  to  teach 
engineering;  it  is  to  compel  those  men  to  have  a  broad  outlook 
upon  life,  a  wide  outlook  upon  men,  a  noble  outlook  upon  the  pro- 
fessions which  they  are  to  follow;  and  unless  those  schools  and  those 
colleges  meet  this,  unless  they  train  these  young  men  in  this  broad 
way,  then  they  will  not  be  fit  to  be  engineers,  and  they  will  not  prove 
to  be  fit  successors  for  such  men  as  you.     (Applause.) 

The  Pbbsident.— Gentlemen,  the  next  toast  is  "The  Army."  It 
will  be  responded  to  by  a  gentleman  who  hails  from  the  State  of  Ohio, 
the  Mother  of  some  Presidents;  bounded  in  part  on  the  east  by  my 
native  State,  Pennsylvania,  and  partly  on  the  west  by  my  State  of 
adoption,  Kentucky.  I  have  now  the  honor  and  pleasure  to  introduce 
to  you  Lieutenant-Colonel  G.  J.  Fiebeger,  of  the  United  Statea 
Army. 

THE  ARMY. 
LT.Ooii.  G.  J.  FiEBBOEB,  U.  S.  A.,  M.  Am.  Soc.  C.  E. 

Mr.  President,  Ladies,  and  Members  of  the  Institution  of  Civil  En- 
gineers of  Great  Britain,  and  Fellow-Members  of  the  American  Society 
of  Civil  Engineers. 

The  essence  of  warfare  was  aptly  put  by  that  old  Confederate  Cav- 
alry raider.  Gen.  Foster,  when  he  said,  **  1  don't  know  much  about 
your  maneuvers  or  other  fancy  business,  but  I  do  know  that  the 
feller  that  gets  thar  first  with  the  most  men  is  mighty  apt  to  win." 
(Laughter.) 

That  is  the  g^eat  problem  which  all  great  commanders  have  been 
trying  to  solve  from  the  time  of  Alexander  to  Europatkin.  (Cries  of 
''Hear,  hear  "and  applause.)  And  I  am  not  certain  but  what  the 
latter  gentleman  might  add  something  about  the  necessity  of  staying 
there  when  you  get  there. 
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Now,  it  was  in  solying  this  <<  getting  tbar  '*  problem  that  we  of  the 
the  military  profession  believe  we  founded  that  great  profession  of 
engineering.  We  believe  that  it  was  the  pioneers  of  the  armies  of  Alex* 
ander,  Hannibal  and  Csesar  who  opened  the  roads  for  their  advance 
throngh  primeval  forests,  over  marshes,  through  mountain  gorges, 
Who  founded  that  great  army  of  road-builders  who  are  to-day  connect- 
ing the  oceans  with  their  bonds  of  steel  and  making  the  maps  of  the 
continents  look  like  wire  entanglements  with  their  intersecting  rail- 
roads. 

As  I  look  over  the  names  of  those  present  and  see  the  names  of  so 
many  eminent  members  of  that  army  of  road-builders,  I  feel  proud  to 
belong  to  a  profession  that  started  yon  on  your  road  to  fame. 
(Laughter.)  We  also  believe  that  it  was  the  pioneers  of  tho^e  early 
armies  that  were  the  forerunners  of  the  great  army  of  bridge-builders 
which  is  to-day  spanning  the  rivers  of  the  whole  world  in  the  interests 
of  commerce,  just  as  their  founders  did  in  ancient  times  in  the  interests 
of  war.  Ever  since  reading  in  Ceesar's  Commentaries  the  description 
of  his  bridge  over  the  Bhine,  I  have  had  a  tremendous  admiration  for 
the  army  of  bridge-builders,  and  since  I  have  had  the  personal  ac- 
quaintance of  some  of  the  designers  of  those  gigantic  structures  which 
now  span  the  Niag^ara  Biver,  my  admiration  has  greatly  increased.  I 
believe  to-day  we  would  be  reading  of  projects  for  spanning  the  gap 
between  Mars  and  Earth  with  wire  or  eye-bar  cable  (Laughter),  with 
cantilever  of  steel  or  concrete  structures  with  suitable  architectural 
approaches  (Laughter),  were  it  not  for  the  instability  of  the  founda*^ 
tions  and  the  uncertainty  of  the  span. 

I  am,  therefore,  proud  that  we,  of  the  military  profession,  are  the 
sponsors  for  the  bridge  engineers.  I  might  go  further  into  the  prov- 
ince of  engineering,  for  my  friend  Herschell  wrote  as  well  upon  the 
strategems  of  war  as  he  did  upon  the  waterworks  of  Borne,  but  I  am 
afraid  I  would  tire  you.  and  therefore  I  would  rather  turn  to  the  other 
side  of  the  picture  and  show  what  the  military  profession  owes  to  the 
engineers. 

Modem  warfare  would  be  impossible  were  it  not  for  the  railroads 
constructed  and  operated  by  engineers.  The  first  great  commander 
to  acknowledge  that  was  General  Sherman,  who  tells  us  in  his  Mem- 
oirs that  his  celebrated  Atlantic  campaign  would  have  been  absolutely 
impossible  were  it  not  for  his  admirable  corps  of  road  and  bridge 
builders.  He  tells  us  that  these  gentlemen  became  so  expert  in  the 
construction  of  roads,  railroads  and  bridges,  and  even  tunnels,  that 
they  could  construct  them  much  more  rapidly  than  Forest  and  Joe 
Wheeler  could  destroy  them.  This  was  a  fatal  blow  to  those  gentle- 
men, and  also  to  the  Confederacy. 

It  was  due  to  the  magnificent  railways  of  Germany  that  Yon 
Moltke,  in  1870,  was  able  to  get  to  the  frontier  first  with  the  most 
men,  and  conquer  France. 
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In  the  latter  part  Of  the  NiBeteentb  Oentnrj,  when  Cteneral 
Kitchener,  the  S.irdar  of  Egypt,  decided  to  move  (Applause)  to  over- 
throw the  Mahdi  at  Khartonm,  he  remembered  two  comments  of 
Napoleon.  The  first  was  that  a  great  desert  is  a  more  formidable  ob- 
stacle in  front  of  an  army  than  a  great  riyer  or  a  great  chain  of  monn- 
tains,  and  second,  that  he  who  proscribes  the  aid  which  the  engineer's 
art  gives  to  the  commander  in  the  field  deprives  himself  of  an  anxili- 
-ary  force  and  expedient  always  useful  and  sometimes  absolutely 
necessary.  The  Sirdar,  therefore,  called  to  his  aid  the  road  and 
bridge  builders  who  laid  his  tracks  across  the  great  Nubian  Desert;  he 
built  his  Atbara  Bridge,  with  the  assistance  of  the  American  Society 
of  Civil  Engineers,  and  he  reached  the  field  of  hostilities,  if  not  with 
iihe  most  men,  at  least  with  a  few  of  the  best,  and  a  thin  red  line  re- 
conquered the  Soudan.     (Applause.) 

These  are  but  a  fe^  of  the  examples  in  which  the  fighter  and  the 
engineer  have  operated  together  in  the  field,  but  they  are  sufficient  to 
show  that  scientific  training  is  absolutely  essential  to  the  soldier,  and 
that  the  commander  of  future  armies,  if  not  an  engineer  like  Mc- 
Olellan,  Gen.  Ue  and  Gbn.  Kitchener,  must  at  least  have  sufficient 
scientific  training  to  appreciate,  like  Napoleon  and  Gen.  Sherman, 
that  the  engineer's  art  in  the  field  is  always  useful  and  sometimes 
•essential. 

The  future  of  warfare  is  destined  to  see  a  great  expansion  of  the  engi- 
neer's art  in  the  military  field.  Besides  the  road  and  bridge  engineer, 
the  mechanical  engineer  and  the  fortification  engineer,  the  Army  must 
call  to  its  aid  the  electrical  engineer  for  running  the  searchlights,  to 
operate  its  submarine  mines,  and  also  to  operate  its  great  seacoast  guns. 
It  must  call  to  its  aid  the  mining  engineer  to  run  the  tunnel  ap- 
proaches to  fortified  places,  and  thus  avoid  the  shell  which  makes  the 
advance  over  the  surface  to-day  almost  impossible.  It  must  call  to 
its  aid  the  sanitary  engineer  to  reduce  th6  mortality  in  its  great  camps 
of  concentration.  The  very  term  "  scientific  war^re"  means  warfare 
in  which  the  engineering  art  is  bound  to  take  a  prominent  place. 
^Applause.) 

The  President.— Gentlemen,  the  next  toast  is  **  The  Navy."  This 
was  to  have  been  responded  to  by  Francis  T.  Bowles,  Esq.  Inevitable 
absence  devolves  that  important  duty  upon  the  constructor  of  the 
greatest  battleship  of  modem  times,  the  Connecticut,  I  have  the 
honor  to  introduce  to  you  Naval  Constructor  W.  J.  Baxter. 

THE  NAVY. 

W.  J.  Baxteb,  Esq.   . 

Mr.  President,  it  is  very  regrettable  that  Admiral  Bowles,  the  late 
chief  constructor  of  our  Navy,  is  absent;  it  is  regrett^la  for  your 
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-sake  and  for  mine.  Mr.  Bowles  knows  all  about  onr  Nayy,  and  he 
knows  how  to  make  a  speech.  I  know  something  abont  the  Navy,  but 
I  don't  know  how  to  make  a  speech.  Sir  William  White  knows  about 
all  of  the  navies  and  he  knows  how  to  make  a  speech.     (Applause.) 

The  one  thing  that  has  struck  me  here  this  evening  is  the  great 
modesty  of  all  of  the  speakers.  Now,  the  Navy  certainly  goes  as  far 
back  as  the  time  of  Father  Noah.  He  certainly  was  an  admiral,  and 
he  may  not  have  been  the  first  naval  constructor,  but  he  was  a  naval 
constructor  as  well  as  an  admiral.  Therefore,  I  think  that  my  profes- 
sion is  the  oldest  one  represented  here  to-night.     (Applause.) 

The  battleship  of  the  day,  gentlemen,  is  the  combination,  is  the 
representation  of  the  united  engineering  talent  of  the  world.  Every 
part  of  the  engineering  profession  contributes  to  its  development,  its 
design,  its  building  and  its  use. 

Now,  I  have  heard  talks  of  engineers  who  were  interested  in  tun- 
nels. Well,  you  can  go  down  in  the  shaft  alley  and  you  can  get  a  very 
^ood  example  of  a  tunnel.  If  you  are  interested  in  bridges,  why,  any 
battleship  that  has  not  got  to  have  four  bridges  is  of  no  account  at  all. 
If  you  are  interested  in  railroads,  well,  what  are.  your  railroads  for? 
Simply  to  bring  things  to  build  battleships  with.  You  are  interested 
in  harbors.  What  are  they  for?  They  are  simply  places  in  which  the 
battleships  can  go.    And  so  it  goes. 

Now,  this  electric  galvanic  spark,  the  battleship,  is  permeated 
with  electricity  all  the  way  through,  and  Sir  William  White  surely 
has  forgotten  some  of  his  nights  on  board  battleships  when  he  thinks 
of  his  nights  in  New  York. 

There  is  one  thing,  gentlemen,  that  possibly  some  of  you  don't 
iknow,  that  to  Sir  William  White,  more  than  any  man  outside  of  this 
good  country  of  ours,  belongs  the  development  of  the  new  navy. 
The  men  who  designed  and  built  it  in  the  first  place  were  brought  up 
under  his  tuition.  (Applause.)  Since  our  feathers  have  begun  to 
spring,  we  have  tried  to  do  some  designing  on  our  own  account,  and 
we  have  been  a  little  bit  slow,  so  that  where  we  bring  out  a  battleship 
of  10  000  tons,  Sir  William  would  bring  out  another  one  of  11  000, 
and  immediately  we  bring  out  a  cruiser  of  12  000  tons  he  would  bring 
out  one  of  thirteen,  and  so  it  went  along. 

Now  we  are  building  a  class  of  ships,  one  of  which  I  am  connected 
with,  the  Connecticut,  of  16  000  tons,  which  we  consider  the  very  finest 
battleship  in  the  world,  and  when  the  ConnecOctttiB  put  afloat  to  follow 
her  sister  ship,  the  Louisianay  which  was  put  over  two  weeks  ago, 
those  ships  are  to-day  the  most  powerful  battleships  afloat,  but  I 
won't  say  anything  about  Sir  William,  but  somebody  over  there  has 
got  something  on  paper  which  is  a  little  bit  larger  than  the  Connecticut. 
{Laughter.)  Now,  we  won't  stand  for  it,  and  we  will  beat  her  next 
iime. 
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There  is  only  one  other  thing.  It  has  been  said  that  the  ciyil 
engineer  is  the  civilization  engineer,  but  the  most  powerful  civilization 
engineering  element  in  the  world  is  the  Navy,  and  the  oonntry  which 
has  the  Navy  is  the  one  which  controls  civilization.     (Applause.) 

The  Pbestdent.  — Gentlemen,  the  next  toast  is  ' *  The  School, "  which 
will  be  responded  to  by  a  Member  of  the  American  Society  of  Civil 
Engineers,  the  President  of  the  Stevens  Institnte  of  Technology.  I 
have  the  honor  to  introduce  to  you  Alexander  0.  Humphreys. 

THE  SCHOOL. 

AliBZAKDEB  C.    HUMPHBBYS,  M.  Ah.  SoO.  C.  E.,  PbBSIDBMT  OF  StBVENS 

Institute  of  Tbohnoloot. 

Mr.   President  and    Fellow-members    of   the   Institution   aud    the 
Society. 

<'  The  School,"  and,  before  this  audience,  that  must  mean  the 
School  of  Engineering,  is  a  large  subject  to  cover  in  my  allotted  time^ 
of  ten  minutes. 

Certainly,  then,  I  cannot  discuss  details  of  curriculum  and 
methods  of  instruction,  nor  do  I  suppose  these  matters  would  be  of 
interest  except  in  a  few  individual  cases. 

But  there  are  certain  broad  questions  of  Engineering  Education 
and  the  connection  between  the  School  and  Practice  to  which  I  will 
ask  your  attention. 

Permit  me  to  say  that  I  shall  speak  from  the  experience  of  thirty 
years'  practice  as  an  engineer,  followed  by  two  very  strenuous  years 
devoted  both  to  practice. and  technical  education;  and  frcm  the  ex- 
perience gained  from  supervising  the  post-graduate  training  of  the 
members  of  my  several  Cadet-Engineer  Corps.  And  let  me  add  for 
the  benefit  of  our  visitors,  that  these  young  graduates  of  Engineering 
Colleges,  while  thus  obtaining  post-graduate  training,  earned,  or  any- 
way were  paid,  at  least  850  per  month,  or  say  £120  per  year. 

And  this  brings  me  to  my  first  point:  The  work  of  the  Engineer- 
ing Schools,  even  the  best  of  them,  is  often  misjudged  thiough  the^ 
ignorance  of  employers  who  expect  their  cadet-engineers  at  once  to 
show  practical  proficiency  in  any  and  every  branch  of  Engineering. 

The  partial  exercise  of  a  limited  intelligence  should  promptly 
make  it  plain  that  the  best  four  years*  engineering  course  can  only  pre- 
pare the  students  to  equip  themselves  promptly  and  surely  to  be  effi- 
cient workers  in  any  one  engineering  or  industrial  specialty. 

Graduates  and  employers  alike  should  appreciate  that  a  graduate- 
degree  in  engineering,  while  undoubtedly  well  earned  as  compared 
with  other  graduate  degrees,  does  not  indicate  that  the  holder  is  quali- 
fied for  immediate  successful  practice  in  Commercial  Engineering. 

The  man  is  yet  to  be  proved  as  well  as  the  education.    And  even. 
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if  the  indiyidnal's  manhood  proyes  snffioient,  there  is  mnoh  yet  to  be 
learned  in  the  School  of  Experience. 

Nothing  can  take  the  place  of  experience-learning,  whether  in  En- 
gineering Or  any  other  line  of  hnman  endeavor.  Certain  rare  person* 
alities  have  been  able  to  learn  so  mnch  in  the  School  of  Experience 
withont  the  advantages  of  previous  technical  edncation,  that  some 
who  take  the  exception  as  the  mle  have  made  comparisons  unfavor- 
able to  the  so-called  theoretical  engineer  and  favorable  to  the  so-called 
practical  engineer. 

But  it  is  no  longer  a  question  between  these  two  systems  of  edu- 
cation, for  if  we  except  geniuses,  the  man  who  to-day  wishes  to  gain 
real  success  as  an  engineer  must  avail  himself  fully  of  both  systems. 

I  appreciate  this  is  all  trite,  but  because  these  truths  are  not  kept 
in  mind  the  value  of  technical  education  is  misjudged  even  within  our 
own  guild. 

To  go  a  little  farther,  the  engineer  of  to-day  not  only  must  be 
practical  as  well  as  theoretical  and  theoretical  as  well  as  practical  in 
the  field  of  Engineering,  but  he  must  be  practical  in  the  field  of 
business. 

We  admit  at  once  that  the  engineer  should  constantly  have  in 
mind  the  obtaining  of  an  adequate  return  on  investment  in  connec- 
tion with  his  eng^eering  designs  and  enterprises.  Then  it  follows 
that  the  engineer-student  should  have  some  instruction  along  these 
line?,  including  as  a  foundation  the  principles  of  accounting,  depre- 
ciation, shop- cost,  analysis  of  data,  law  of  contracts  and  business 
methods  in  general. 

At  least  the  student  should  be  convinced  before  graduation  that  to 
succeed  really  in  his  profession  he  must  practice  within  commercial 
limitations. 

In  this  connection  one  good  sign  of  the  times  is  that  a  number  of 
our  best  engineering  colleges  now  call  in  practical,  commercially  suc- 
cessful engineers  to  lecture  on  engineering  practice. 

But,  first  of  all,  we  must  be  sure  that  our  students  are  thoroughly 
grounded  in  the  fundamentals  of  science  and  mathematics,  and  the 
constant  pressure  to  extend  the  curriculum  should  be  resisted  where 
it  threatens  this  thoroughness  in  elementals. 

In  teaching  even  these  elementary  subj^ts,  practical  applications 
should  be  employed.  Where  apparatus  is  used  the  students  should 
be  required  to  set  it  up  and  follow  as  far  as  possible  the  lines  of  orig- 
inal investigation.  The  cut  and  dried  element  should  be  reduced  to 
a  minimum.  We  should  cultivate  in  our  students  the  power  first  to 
reason  and  then  do,  rather  than  to  memorize  equations  and  the  like. 
The  memory  should  be  cultivated  not  by  the  effort  to  store  a  mass  of 
dry  facts,  but  in  connection  with  the  exercise  of  the  reasoning 
powers.  : .      .  ..... 
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Of  late  years  there  has  been  maob  unrest  in  regard  to  tecJmicaL 
ednoation.  Constantly  it  has  been  the  object  of  investigation  and 
criticism.  This  has  been  largely  the  result  of  the  late  marTelons- 
progress  in  Engineering  Science  and  the  e£fort  to  reflect  this  progress 
in  the  work  of  the  technical  schools. 

Much  good  has  resulted  and  some  harm. 

As  new  applications  of  Engineering  Science  have  developed,  the 
e£fort  has  been  made  to  introduce  them  into  our  engineering  courses, 
until  these  new  applications  threaten  to  crowd  out  the  very  funda- 
mentals. 

Too  often,  even  in  the  case  of  capable  students,  there  is  not  suffi- 
cient time  left  for  recreation,  meals  and  sleep — that  is,  for  the  main- 
tenance of  full  physical  vigor. 

And  this  crowding  of  the  curriculum  and  the  introduction  of 
educational  fads  is  to  be  found  in  our  preparatory  schools  and  has 
already  resulted  in  superflciality. 

In  preparatory  schools  and  technical  colleges  the  students  ar& 
taxed  beyond  their  powers  until  their  minds  are  numbed. 

Certainly,  then,  no  farther  additions  can  be  made  unless  balanced 
by  equivalent  eliminations. 

It  has  frequently  been  proposed  to  correct  this  trouble  in  the  tech- 
nical schools  by  adding  a  lifth  year. 

Bufc  this  could  be  only  a  temporary  remedy,  for  new  applicationa 
of  Engineering  Science  will  continue  indefinitely  to  be  developed. 

Nor  can  our  entrance  requirements  be  materially  raised  in  view  of 
the  fact  that  the  preparatory  school  students  are  already  strained  to> 
the  limit. 

Let  us  then  acknowledge  that  the  race  is  an  unequal  one  and  that 
there  are  limits  to  our  students'  power  of  endurance. 

Unquestionably,  it  would  be  of  great  advantage  if  we  could  give 
our  undergraduates  training  in  all  practical  applications  of  Engineer- 
ing Science,  but,  as  Uiis  cannot  be,  we  must  console  ourselves  by 
reflecting  that  after  graduation  they  will  settle  into  specialties  and 
perfect  themselves  therein  in  the  school  of  experience,  supplemented 
in  some  cases  by  post-graduate  work  in  the  university.  We  can  still 
further  console  ourselves  by  investigating  the  records  of  our  Alumni. 

Stevens  Institute,  for  instance,  furnishes  its  students  only  a  single 
prescribed  eourse,  with  no  electives.  Its  secondary  title  is  '<  A  School 
of  Mechanical  Engineering,"  which  seems  to  indicate  a  rather  narrow 
specialization. 

Still,  the  Alumni  Directory  shows  that  its  men  are  occupying  nearly 
every  class  of  position  in  the  fleld  of  Engineering. 

Three  notable  examples  taken  from  the  list  of  Alumni  will  serve  to 
show  the  wide  range  of  professional  work  performed  on  the  original^ 
fundamental  training  furnished  by  the  Stevens  curriculum  of  twenty 
years  ago. 
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One  of  these,  an  eminent  anthority  <hi  Doek  Engineering,  has  been 
active  in  the  entertainment  of  onr  guests ;  another  is  this  year's  President- 
of  the  American  Institution  of  Electrical  Engineers;  the  third  is  this 
year's  President  of  the  American  Gas.  Light  Association. 

Let  US  recognize  that  the  days  of  the  Gre^k  and  Roman  civiliza- 
tion, when  the  educated  man  was  expected  to  absorb  the  whole  store 
pf  knowledge,  have  passed.  Now  we  most  be  satisfied  to  know  a  little- 
of  many  subjects  and  be  a  master  of  one. 

Nor  need  we  engineers,  if  we  follow  this  line  of  thought,  fear  to  be 
criticised  for  being  narrow  specialists.  This  condition  applies  to  all. 
the  world's  workers. 

Those  who  so  criticize  us  may  knpw  a  little  of  many  things  but. 
probably  they  are  master  of  none. 

But  when  we  claim  that  thoroughness  in  a  particular  line  does  not 
necessarily  imply  narrowness,  we  must  be  sure  that  our  engineer- 
students  are  held  to  as  strict  an  accountability  with  regard  to  their 
general  studies  as  to  their  technical  studies,  and  especially  so  witk 
regard  to  the  study  of  the  mother  tongue. 

It  should  be  recognized  that  on  account  of  the  heavy  pressure  under 
which  they  work,  these  students  are  disposed  to  slight  the  general, 
subjects  of  the  curriculum.  Then  the  professors  and  instructors  in. 
these  departments  all  the  more  should  be  selected  because  of  their 
enthusiasm  and  ability  to  interest  their  classes. 

While  referring  to  the  instructors,  let  me  say  that  I  agree  with 
Professor  Perry,  of  England,  that  all  the  engineering  professors  in  a. 
college  of  engineering  should  not  only  be  permitted,  but  required,  to 
practice  their  profession:  and  this  for  three  reasons: 

First. — That  they  may  be  better  qualified  to  give  practical  instruc- 
tion; 

Second. — To  reduce  the  chances  of  their  growing  stale  as  teachers;, 
and 

Third. — That  men  of  higher  caliber  may  be  secured. 

By  better  teaching  we  stimulate  better  learning. 

Because  our  students  are  worked  to  the  limit  of  their  endurance,, 
no  effort  should  be  spared  to  include  in  their  college  life  everything 
available  that  may  tend  toward  legitimate  recreation  and  the  cultiva- 
tion of  college  spirit.  To  this  end  we  should  have  attached  to  our* 
engineering  schools.  Dormitories,  Commons,  Unions  and  provisions  for 
reasonable  attention  to  Athletics. 

Besides  forcing  these  men  to  an  unvaried  grind  of  technical  work,, 
we  should  give  them  the  opportunity  to  develop,  through  contact- 
with  their  fellows  outside  of  the  class-room,  but  during  this  period  of 
great  mental  activity  and  receptivity,  breadth  and  the  capacity  for 
dealing  with  one's  feUows. 

We  have  of  late  been  thoroughly  inspected  as  to  our  teaching 
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methods  by  Mosely  GommiBsioners  and  indiyidnal  inyestigaton  from 
abroad. 

I  am  sure  these  investigations  have  been  profitable  to  investigators 
and  investigated  alike.  But  in  one  point  at  least  I  think  nearly  all  the 
investigators  fell  into  error,  namely,  in  forming  the  opinion  that  we 
in  the  United  States  have  been  sufficiently  supported  in  our  efforts  to 
advance  technical  education  by  the  generosity  of  our  rich  men  as  a  class. 

I  hold  that  this  is  quite  opposed  to  the  facts. 

It  is  true  that  we  have  a  few  notable  examples  of  such  philanthropy, 
but  many  of  the  benefactions  have  not  come  from  rich  men  and  there- 
fore have  been  individually  small. 

Stevens  Institute  has  received  practically  all  of  its  endowment 
from  three  men. 

One  (the  fonnder)  a  pioneer  engineer;  the  second  its  late  President, 
who  made  his  modest  competency  by  the  sweat  of  his  brain;  and  the 
third  a  man  who  owes  his  vast  wealth  to  unique  success  in  the  indus- 
trial field. 

This  country  undoubtedly  owes  its  prosperity  in  considerable 
measure  to  the  work  done  by  its  technically  educated  men,  and  this  I 
affirm  while  having  clearly  in  mind  the  many  other  agencies  resulting 
from  our  geographical  position,  political  institutions  and  Nature's 
prodigal  benefactions. 

In  this  prosperity  all  classes  have  shared.  Of  our  rich,  the  bankers 
and  merchants  have  profited  as  well  as  those  directly  interested  in 
industrial  pursuits.  But  it  is  not  often  you  will  find  that  the  mer- 
chant or  banker  has  returned  to  technical  education  even  a  small 
percentage  of  that  which  technical  education  has  given  to  him. 

And  the  cases  are  almost  as  rare  among  those  who  have  acquired 
their  wealth  directly  from  industrial  pursuits. 

The  credit  should  be  given  to  the  few  rich  and  the  many  more  of 
moderate  means  who  have  supplied  the  endowments  and  to  those  who 
have  so  efficiently  administered  those  inadequate  provisions.  I  per- 
sonally know  of  cases  where  large  returns  have  so  been  obtained  from 
relatively  small  endowments  at  the  cost  of  long-continued,  heart- 
breaking worry  and  final  collapse  of  those  in  active  control. 

When  in  studying  our  own  needs  and  possibilities  and  then  looking 
afield  to  our  sister  institutions,  I  see  how  much  more*  could  be  done 
for  the  struggling  young  men  of  this  country  and  for  the  relief  from 
crushing  cares  and  responsibilities  of  the  workers  in  this  field  if  the 
rich  men  of  the  country  wotild  as  a  class  recognize  their  debt  to 
technical  education,  I  for  one  do  not  propose  that  credit  shall  be 
given  where  it  is  not  due  without  raising  my  voice  in  protest. 

In  conclusion,  let  me  say  that  in  spite  of  their  faalts  and  weak- 
nesses, some  preventable  and  some  not  so  as  yet,  one  thing  can  be 
claimed  for  our  technical  schools: 

They  are  doing  a  grand  work  for  the  country  and  mankind. 
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Thb  Pbbsidsnt. — Gentlemen,  the  next  and  the  hist  toast  is  <*The 
Law."  Every  engineer  knows  that  oonstrnctiye  emergencies  and 
situations  have  laws  of  their  own  which  cannot  be  disobeyed  if  success 
is  to  follow  their  work.  The  speaker  will  differentiate  to  yon  between 
these  several  laws.  The  engiDcer  is  a  law-abiding  citizen,  and  takes 
his  Instrnctions  from  that  great  science,  an  expounder  of  which  will 
now  address  yon,  the  Honorable  William  W.  Porter,  I  have  the  honor 
to  introduce  to  you. 

THE  LAW. 
Hon.  WiliiIam  W.  Pobteb. 

Mr.  President,  and  Gentlemen,  Members  of  a  sister  profession. 
The  hour  is  late,  I  bid  you  good  morning.  I  am  under  contract  to 
speak  for  ten  minutes,  and  no  more,  and  I  am  just  within  a  few 
moments  offered  a  bonus  to  cut  it  down  by  the  minute. 

I  do  not  wish  to  sail  here  under  any  false  pretences.  It  has  got 
abroad  that  I  am  a  sitting  judge.  It  is  true  that  I  did  sit  on  the 
Appellate  Ck>urt  in  Pennsylvania  for  a  number  of  years,  and  there 
acquired  the  habit  of  silence.  1  resigned  from  that  and  still  culti- 
vated the  habit.  It  was  before  the  Democratic  Convention,  but  it  had 
no  relation  thereto.     (Applause  and  laughter.) 

Ctentlemen,  after  I  received  the  invitation  in  writing,  with  certain 
limitations  as  to  time  which  I  have  alluded  to,  I  found  I  was  up 
against  a  proposition  of  a  very  serious  magnitude,  and  the  first  thing 
that  impressed  me  was  my  colossal  ignorance  of  everything  relating 
to  engineering.  So  bad  was  it  that  I  went  to  a  Standard  Dictionary 
to  find  out  what  engineering  is. 

Now,  I  speak  seriously  when  I  say  that  I  have  listened  to*night 
and  heard  from  the  lips  of  one  of  your  most  distinguished  guests  one 
of  the  best  after-dinner  speeches  I  have  heard  in  years.  (Applause.) 
I  have  enjoyed  that  with  you,  but  I  have  had  a  comfort  in  it  that  you 
didn't  have.  Ke/acile  princeps  was  compelled  to  define  an  engineer. 
(Laughter.) 

What  is  engineering?  Listen  to  the  dictionary.  (Laughter.)  This 
is  it,  in  hcec  verba :  The  putting  through  or  managing  skillfully  or  by 
contrivance  and  effort.  (Laughter.)  And  after  all  this  laudation  of 
gentlemen  engaged  in  doing  something  by  contrivance  and  effort. 
(Laughter.)  I  know  of  no  collegiate  degrees  founded  on  those  claims, 
but  see  here,  the  nomenclature  of  this  science  is  getting  very  com- 
plex; the  names  of  the  engineers  are  by  no  means  clear  as  indicating 
their  purpose  in  their  profession.  Here  I  was  led  away  from  the 
dictionary  and  went  to  a  more  pleasing  source.  I  took  a  lay  woman 
and  asked  her  what  she  thought  the  foUowiog  designation  of  engi- 
neers meant,  and  the  first  thing  I  asked  her  was,  What  do  you  think 
a   mechanical    engineer   is?      *' Oh,"    she    said,    *' an    automaton." 
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(Latigliter.)  Then  I  asked  her,  Well,  what  is  an  electrical  engineer? 
''Well,"  she  said,  "that  may  be  a  storage  battery  or  a  dynamo. *** 
(Langhter.)  Then  I  asked  her.  What  is  a  marine  engineer?  And  Bhe> 
thonght  for  a  moment.  '*  Well,"  she  says,  "that  is  descriptlTe  of 
the  most  innocent  and  ignorant  class  (Langhter),  becanse  from 
time  immemorial,  when  we  are  telling  something  beyond  credence,  we 
refer  to  telling  it  to  the  marines."  (Laughter.)  Then  I  asked  her. 
What  is  a  sanitary  engineer?  "  Well,"  she  said,  <*  I  think  that  mnst 
be  a  healthy  sort  of  person,  perhaps  by  his  own  presence  having  some- 
hygienic  influence."  And  then  I  went  back  to  my  dictionary  to  find 
out  what  a  civil  engineer  is. 

-  Now,  you  cannot  find  it  defined  as  it  should  be,  so  I  went  to  the 
adjective  "  civil."  What  does  that  mean?  It  means  a  person  who  is 
pre-eminently  careful  and  observant  of  all  the  amenities  of  social  life. 
(Laughter.)  Coupling  that  with  the  word  "engineer,"  you  have  your 
description,  and  as  to  the  civility  of  every  one,  the  guests  to-night,  as 
well  as  I  hope  the  hosts  participant,  have  had  it  proven  on  this 
occasion,  but  the  list  is  not  complete.  Why,  we  have  got  more  engi- 
neers than  that.  We  have  got  in  America,  we  have  got  what  is  known 
as  a  political  engineer.'  (Laughter.)  That  is  synonymous,  perhaps,, 
with  "boss."  More  than  that,  we  have  financial  engineers,  and  the 
lady  to  whom  I  spoke  asked  whether  that  was  not  included  under  the- 
term  "  hydraulic  engineer  "  because  of  the  water.    (Laughter.) 

But  when  my  dictionary  had  sufficed  so  far,  I  went  a  little  further 
by  some  accident,  and  I  found  another  definition  for  an  engineer. 
"A  plotter,"  and  a  plotter  with  oblique  morality,  and  it  is  a  fact,. 
Shakespeare  himself  seems  to  have  a  very  low  opinion  of  you,  because, 
as  you  will  remember,  in  Hamlet,  after  the  killing  of  Polonius,. 
Hamlet  makes  certain  arrangements  with  certain  persons  of  evil 
design,  and  finally  ends  by  saying,  "*Ti8  the  sport  to  have  the  engi- 
neer hoist  by  his  own  petard." 

Well,  now,  gentlemen,  if  you  will  bear  with  me,  I  want  to  make  my 
bonus  if  I  can — if  you  will  bear  with  me  I  want  to  say  that,  having- 
now  demonstrated  my  absolute  ignorance  of  everything  connected 
with  your  profeission,  and  having  diplomatically  put  myself,  by- 
adverse  criticism,  wholly  out  of  touch  with  everybody,  I  have  moved 
by  these  stages  up  to  the  topic  which  has  been  assigned  to  me,  namely. 
The  Bar.  (Laughter.)  I  had  a  serious  purpose,  gentlemen,  when  I 
came  here,  but  the  hour  and  the  occasion  and  the  limitations  of  con- 
tract lead  me  to  observe  that  "  A  little  folly  now  and  then  is  relished 
by  the  wisest  men." 

Now,  the  Bar.  Well,  if  I  could  not  make  you  fatigued  by  just  a 
little  essay  on  the  Bar,  with  a  few  extracts  from  Coke  or  Littleton,  and 
perhaps  drawing  something  from  our  own  judges,  even  the  sitting  as 
well  as  the  dead,  I  think  you  could  sleep  sounder,  but  I  propose  to 
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aToid  that  proposition  and  jnst  to  touch  for  a  minnte  or  two  on  one  or 
two  curious  episodes  or  incidents  which  have  come  to  my  attention 
recently,  which  go  rather  to  the  lighter  side  and  relieve  that  stress 
which  all  judges  and  all  lawyers  are  under. 

Therei  was  a  gentleman  of  the  Bar,  (I  will  not  say  of  which  County 
or  State)  who  prided  himself  on  being  a  great  cross-examiner.  One  of 
the  greatest  English  judges  said  in  respect  to  cross-examining,  '*  When 
you  want  to  cross-examine,  don't."  This  gentleman  had  upon  the 
stand  a  yokel,  an  ignorant  lad  or  young  man,  and  had  pinned  him 
down  so  that  he  had  got  an  admission  which  he  wanted,  and  then  asked 
this  question:  '*  And  so,  after  all,  you  are  nothing  but  an  idle,  good- 
for-nothing  vagabond,  isn't  that  so?  "  To  which  there  was  a  good  deal 
of  silence.  Then  he  took  another  tack.  <<Woll,  what  does  your 
father  do?"  "Well,  he  doesn't  do  nothing  either."  **Then  he  is 
just  the  same  idle  vagabond  that  you  are,  is  he?  "  **  Well,"  he  said, 
''you  can  ask  him;  he  is  in  the  jury  box. "    (Laughter.) 

There  was  another  funny  slip  of  a  word  by  a  young  lawyer  who  was 
very  earnest  and  was  trying,  on  the  criminal  side,  a  case  of  bigamy.  He 
had  earnestly  urged  the  acquittal  of  his  client,  but  in  order  to  make 
the  status  of  the  law  particularly  clear  to  the  jury,  he  said,  *'  Gentle, 
men  of  the  Jury, — "  and  he  was  in  some  haste,  more  haste  than  I  can 
articulate  in — "  Gentlemen  of  the  Jury,  a  man  can  get  greatly  compli- 
cated in  his  marriage  relations.  Under  the  law  of  this  country,  there 
are  three  ways  that  a  man  can  be  married.  There  is  such  a  thing  as 
polygamy,  and  that  does  not  keep  a  man  out  of  the  Uuited  States  Con- 
gress; (Laughter)  but  there  is  such  a  thing  as  polygamy,  and  that  is 
when  a  man  has  got  a  plurality  of  wives.  And  then  when  a  man  has 
got  two  wives,  that  is  bigamy;  but  when  a  man  has  only  got  one  wife, 
that  is  monotony."     (Laughter  and  applause.)- 

It  is  sometimes  said,  you  know,  that  lawyers,  by  their  education 
perhaps,  or  by  the  inheritance  from  England,  have  a  circuitous  way 
of  answering  any  direct  question  of  a  client,  and  perhaps  it  is  true.  I 
think  one  of  the  best  illustrations  of  an  indirect  answer  which  is  pecu- 
liarly clear  was  given  in  a  little  rhyme  which  went  current  about  a 
year  or  two  ago,  which  you  will  remember.  It  recounts  the  proposal 
of  a  young  man  and  his  answer  from  the  maiden.     It  runs  thus: 

''  A  young  man  asked  a  maid  to  wed. 

^*  Go  ask  Papa,"  the  maiden  said. 
The  young  man  knew  her  Pa  was  dead; 

He  also  knew  the  life  he'd  led; 
He  understood  her  when  she  said 

*  Go  ask  Papa'."     (Great  laughter  and  applause.) 

Now,  gentlemen,  I  really  feel  that  you  have  paid  me  a  great  compli- 
ment in  listening  to  me  without  being  wearied,  and  I  want  you  to  bear 
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with  me  one  minute  more,  and  I  will  not  trespass  on  yonr  want  of  in- 
tellect fnrther;  I  want  a  serious  word,  if  I  may,  before  I  sit  down. 

Sometime  ago  I  had  the  honor  in  my  native  city  — or  town — I  say 
that  in  New  York,  town  of  Philadelphia.     You  observe  that,  differing 
from  my  Boston  friend,  that  is  the  first  time  I  have  told  you  where  I 
came  from.     (Laughter  and  great  applause.)    I  want  to  add  in  this 
connection  that  there  is  not  a  bust  of  a  big  man  that  has  lived  in  Phila- 
delphia whose  bust  and  name  is  not  known  and  honored.     (Applause.) 
One  word  seriously.     Sometime  ago  in  the  town  which  I  have 
named,  I  had  the  honor  of  participating  in  a  welcome  to  that  great  En- 
glish jurist,  statesman  and  diplomat,  Lord  Herschell,  and  I  had  the 
pleasure  on  that  occasion  of  suggesting  the  thought  I  conclude  with. 
No  man  can  be  otherwise  than  blind  who  has  not  seen  cropping  up, 
wherever  Englishmen  and  Americans  have  met,  officially  or  socially,  a 
growing  tendency,  a  warming  up,  a  fraternizing  in  the  last  few  years, 
which,  perhaps,  did  not  exist  before,  and  we  have  been  thinking,  on 
both  sides  of  the  sea,  why  that  may  be.     It  has  been  suggested  that 
the  common  language  is  drawing  us.     I  believe  it  is  not  so.     It  has 
been  suggested  that  the  common  blood  draws  us.     I  believe  that  that 
is  not  the  reason,  for  Americans^  if  they  are  anything,  are  composite, 
with  a  large  preponderance,  perhaps,  of  the  Anglo-Saxon.     It  is  said 
that  the  literature,  being  in  common,  has  drawn  us  together.    I  think 
that  is  not  the  real  cause.     Others  have  said  that  commercialism 
is  binding  us  closer,  and  I  say,  God  forbid;  let  it  be  on  a  higher  level. 
There  is  one  thing  that  I  believe  lies  at  the  root  of  this  fraternalism 
which  shall  have  no  evanescent  being,  but  which  shall  last  and  grow, 
and  it  is  found  in  this,  that  at  home —  may  it  be,  shall  I  say,  as  others 
have  said,  or  here  in  the  new  home,  the  same  fundamental  thought  of 
right  and  justice  exists.    (Cries  of  <*  Hear,  hear  "  and  applause.) 

The  same  methods  of  judicial  determination  are  existing  in  both 
countries.  No  man  there  or  here  can  be  brought  before  any  court  of 
administration;  no  man  there  or  here  can  be  tried  save  by  a  jury  of 
his  peers;  no  man  there  or  here  can  be  stripped  of  liberty,  life  or 
property,  without  due  process  of  law,  under  the  eye  of  a  trusted  chan< 
cellor  or  judge.  (Applause.) 

When  I  say  that  to  you,  gentlemen,  I  must  set  you  back  of  the 
position  of  the  Bar  and  Bench;  I  mast  set  back  the  profession  of  war, 
whether  on  the  water  or  the  land,  and  put  first  the  profession  of  the 
law,  which  secures  to  every  man,  in  every  profession,  in  every  busi- 
ness, equitable  determination  and  protection  of  his  rights.  (Great 
applause.) 

The  Pbesident. — Gentlemen,  your  patience  for  a  few  moments 
longer.  We  have  had  the  pleasure  of  hearing  from  Boston,  from  New 
York  and  from  Philadelphia.  We  have  yet  to  hear  from  the  Windy 
City  of  Chicago.  I  will  have  the  pleasure  to  call  upon  Mr.  Robert 
W.  Hunt  to  tell  us  of  that  city.     (Applause.) 
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Mr.  President,  FeUow  Members  of  the  Institution,  and  Fellow 
Members  of  the  American  Society:  This  is  an  unexpected  honor— an 
unexpected  honor  for  my  city  in  this  city  (Laughter),  and  therefore, 
sir,  you,  knowing  as  well  as  you  do,  as  you  are  close  residents  to  us, 
how  loath  we  are  to  speak  of  ourselves,  will  sympathize  with  me  in 
restraining  myself  to  almost  the  words  of  simple  thanks;  but  in  mak- 
ing them,  it  is  my  pleasant  duty  to  extend  the  words  of  welcome  to 
our  foreign  friends. 

It  will  be  our  fortunate  pleasure  to  show  them  that  city.  I  am  no 
prophet  and  I  am  loath  to  make  predictions,  but  if  we  cannot  give  you 
-  better  weather  than  you  have  had  here — (Laughter)  fortunately  you 
are  only  going  to  be  with  us  two  days  and,  therefore,  our  task  will  not 
be  so  great,  but  all  the  tears  and  all  the  water  which  you  will  see  shed 
there  will  be  upon  your  departure.     (Laughter.) 

It  is  a  great  pleasure  to  me,  Mr.  President  and  Gentlemen,  to  add 
just  these  few  words  to  this  welcome  which  is  extended  to-night,  be- 
cause it  was  my  great,  good  fortune  to  participate  with  the  American 
Society  or  its  representatives  in  the  welcome  which  the  Institution 
gave  to  us  in  London  in  1900,  and  who  that  participated  will  ever  for- 
get it?  (Cries  of  **  Hear,  hear.  ")  To  you  Englishmen,  you  cannot 
appreciate  what  it  was  to  us,  but  perhaps  the  thing  of  all,  which  we 
will  remember  the  longest,  was  that  glorious  day  at  Windsor.  There, 
on  that  classic  spot,  and  under  those  magnificent  oaks,  and  under 
those  historic  towers,  to  receive  that  gracious  welcome  from  the  noble 
woman,  your  Queen  of  blessed  memory,  is  a  thing  that  no  one  who 
participated  will  fail  to  remember  as  long  as  memory  lasts  to  him.  It 
was,  perhaps,  a  greater  occasion  to  us  than  it  could  possibly  be  to  yon 
Englishmen  who  participated  with  us. 

We  cannot  offer  to  you  welcome  to  the  classic  scenes  that  you  gave 
to  us  and  opened  to  us.  It  is  all  new  that  we  ask  you  to  look  at. 
There  it  was  with  reverence,  and  memory  dating  back  through  the 
centuries  that  we  paid  our  visit. 

Now  comes  the  question,  is  the  new  better  than  the  old  ?  And  it 
is  our  duty  to  try  to  make  it  so.  Whether  we  are  performing  that 
duty,  we  have  to  leave  it  to  you  to  judge. 

It  is  true,  as  has  been  said,  that  we  are  of  a  common  heritage.  Per- 
haps England  and  America  have  not  always  exactly  agreed.  I  think 
history  shows  that  we  have  had  some  troubles— and  what  family  has 
not  had  trouble — and  I  believe  it  is  also,  and  may  it  always  be  so, 
that  let  those  quarrels  and  those  troubles  be  as  severe  as  they  may, 
it  is  not  pleasant  for  the  outside  party  to  interfere.     (Laughter.) 

We,  in  our  own  short  history,  have  had  severe  family  quarrels. 
The  North  and  the  South  disagreed;  it  brought  sorrow  and  it  brought 
bloodshed;  but,  thank  Gk>d,  that  has  passed.     Our  heroes  who  laid 
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down  their  lives  for  the  North  are  to-day  also  the  heroes  of  the  Soath, 
and  their  heroes  who  died  are  to  ns  cherished  memories  of  men  who 
gave  up  all  in  the  defense  of  that  which  they  believed  to  be  right,  and 
the  very  blood  that  was  shed  is  the  cement  that  to-day  binds  together 
our  nation .     (Applause. ) 

So,  why  should  it  not  be  between  you  and  us?  Why  should  we 
not  be  bound  together?  Those  flags  (our  President  alluded  to  them) ; 
they  are  hanging  together.  Why  should  they  not  always  float  to- 
gether? (Cries  of  ''Hear,  hear.**)  Look  at  them!  The  colors  are  the 
same,  arranged  differently,  perhaps,  but  no  foreign  tint  is  there. 
(Applause.)  It  is  the  red,  white  and  blue.  (Cries  of  *' Hurrah!") 
They  have  always  been  and  they  always  will  be,  sir,  glorious  flags  un- . 
der  which  to  live  and  prosper,  glorious  flags  under  which  to  fight — 
aye,  and  if  need  be,  to  die.     (Applause.) 

*  Sir  Wn^iiiAM  H.  Whttk. — Gentlemen,  I  am  not  going  to  appeal  to 
your  patience;  I  am  going  to  give  you  pleasure.  I  ask  you,  without 
any  words  from  me,  to  drink  to  the  health  of  the  President  of  the 
American  Society  of  Civil  Engineers,  and  you,  Englishmen,  show 
what  Englishmen  can  do  in  three  cheers  to  the  health  of  the  Presi- 
dent of  the  American  Society  of  Civil  Engineers,  Mr.  Hermany,  our 
kind  host  and  friend. 
(Three  cheers  given.) 
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INTERNATIONAL  ENaiNEERINO  CONQRESS 

UNDBB  THB  AUSPICES  OF  THB 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS, 

ST.  UOVIS,  MISSOURI, 

OCTOBER  3d  to  8th,  1904. 


REPORT  IN  FULL  OF  THE  OPENING  AND  CLOSING  SESSIONS 
OPENING  SESSION. 

The  International  Engineering  Congress,  held  under  the  auspices 
of  the  American  Society  of  Civil  Engineers,  oonyened  October  3d,  1904, 
in  Congress  Hall,  Administration  Bnilding,  Louisiana  Purchase  Ex- 
position, and  was  called  to  order  by  Mr.  Henry  S.  Haines,  Chairman 
of  the  Committee  in  Charge,  who  spoke  as  follows: 

Somewhat  more  than  a  year  ago,  the  American  Society  of  Civil  Engi- 
neers was  invited  by  the  Board  of  Direction  of  the  Louisiana  Purchase 
Exposition  to  undertake  the  arrangements  for  an  International  Engineer- 
ing Congress.  The  Board  of  Direction  of  the  Society  appointed  a  Com- 
mittee of  its  members,  and  this  Committee  invited  the  co-operation  of  the 
other  National  Engineering  Societies.  But  for  some  reason  satisfac- 
tory to  themselves,  they  did  not  entertain  the  proposition  favorably. 
But  as  the  responsibility  for  the  successful  inauguration  of  this  Inter- 
national Congress  rested  with  the  American  Society  of  Civil  Engineers, 
in  fact,  had  been  placed  upon  it,  by  the  management  of  the  Exposi- 
tion, the  Board  of  the  Society  determined  that  the  Society  would 
undertake  it  alone. 

A  Committee  of  Organization  was  appointed,  and  that  Committee 
determined  to  confine  the  discussions  of  the  Congress  to  a  few  live 
topics,  rather  than  to  endeavor  to  cover  the  whole  field  of  engineering, 
and  to  provide  for  a  profitable  discussion  of  these  topics,  the  Commit- 
tee invited  leading  papers  upon  them  from  engineers  of  recognized 
•eminence  in  their  respective  countries.  There  has  been  a  very  grati- 
fying response  to  the  invitations  of  the  Committee.  We  have  papers 
from  engineers  not  only  in  our  country,  in  North  America  and  in  South 
America,  but  from  the  three  other  Continents  of  Europe,  Africa  and 
Asia;  from  the  shores  of  Great  Britain,  and  from  France,  and  from 
those  of  Japan.  I  think,  therefore,  that  this  Congress  may  well  lay 
claim  to  being  an  International  Congress,  and  we  may  hope  that  the 
oral  discussions  in  its  several  Sections  will  be  of  great  interest  as  indi- 
cating the  experience  and  the  most  recent  practice  of  the  distinguished 
engineers  who  are  here  present  with  us,  including  a  delegation  from 
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the  Institution  of  Civil  Engineers,  with  its  honored  President,  Sir 
William  White. 

As  Chairman  of  the  Committee  on  organization,  I  have  now  the 
honor  to  introduce  as  the  President  of  the  International  Engineering- 
Congress,  Mr.  Charles  Hermany,  the  President  of  the  American  Society 
of  Civil  Engineers. 

Mb.  ChabiiBs  Hbbscant. — Gentlemen,  engineers  of  all  nationalities^ 
speaking  many  different  languages,  from  all  quarters  of  the  globe, 
hailing  from  countries  whose  histories  are  chronicled  in  the  lapse 
of  centuries,  Slav,  Teuton,  Mongolian,  Gaul,  Latin  and  Anglo* 
Saxon,  I  greet  you  all  as  brothers.  You  have  come  to  us  and 
have  assembled  upon  a  spot  where  an  epoch  in  our  national  his* 
tory  was  made,  where  to  this  day  there  has  been  but  one  hun- 
dred  years  of  civilized  government;  in  a  territory  the  acquisition 
of  which  by  peaceful  diplomacy,  that  made  our  then  infant  republic 
extend  its  dominion  from  the  mouth  of  the  Kennebec  Biver  in  the 
East  to  that  of  the  Columbia  in  the  far  West,  from  the  Atlantic  to  the 
Pacific.  The  Louisiana  Purchase,  in  the  annexation  of  which  our  first 
move  toward  territorial  expansion,  our  first  step  in  the  direction  of  a 
world  power,  was  made;  a  territory  whose  brief  one  hundred  years  of 
eventful  history  fills  us  with  pride,  since  it  has  proved  the  key  which 
unlocked  the  portal  and  swung  back  upon  its  hinges  the  western  gate 
that  has  admitted  our  star  peacefully  into  the  role  of  empire;  this 
place,  from  which  two  of  our  pioneer  engineers,  Captains  Lewis  and 
Clarke,  commenced,  conducted  and  completed  an  exploring  expedi- 
tion to  and  from  the  Pacific  Ocean  at  the  mouth  of  the  Columbia 
Biver,  that  was  the  most  remarkable  in  the  history  of  the  world;  here, 
of  all  places  in  our  country  most  suitable,  we  have  chosen  to  hold  an 
International  Engineering  Congress,  the  peer  of  which  the  future 
alone  can  produce,  and  to  which  it  is  my  privilege  and  honor  to  bid 
you  a  hearty  welcome. 

We  meet  in  a  city  improvised  as  if  by  the  wave  of  a  magician's 
wand,  for  the  display,  examination  and  study  of  the  fruits  of  agricul- 
ture, commerce,  manufacturers,  art  and  science  from  all  the  world; 
where  we  feel  the  poet's  "One  touch  of  Nature"  that  "makes  the 
whole  world  kin,"  and  the  engineers  thereof  brothers;  under  environ- 
ments that  stimulate  us  in  our  deliberations,  and  enable  us  to  link  the 
past,  present  and  future  into  a  chain  that  binds  ages  and  racee  of  man 
into  a  common  brotherhood,  and  their  civilizations  into  a  common 
story  or  into  a  drama  of  many  persimos.  Here  we  are  in  touch  with  the 
best  of  research  and  conclusion,  of  thought  and  action,  of  word  and 
deed,  of  endeavor  and  accomplishment,  and  of  hope  and  fruition,  that 
the  engineers  of  the  world  have  to  offer.  We  are  here  assembled  to 
enjoy  the  heritage  bequeathed  by  the  past  ages  and  to  prepare  the 
way  for  those  to  come;  to  see,  weigh  and  measure  each  other  by  the 
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varying  standards  of  onr  respective  selections  or  contrivance;  and  to 
see  and  esteem  ourselves  as  others  see  and  esteem  ns;  in  fine,  we  are 
here  to  move  the  world,  not  with  a  lever  from  the  fnlcmm  sighed  for 
by  Archimedes,  bnt  by  the  consensus  of  modem  thought  and  the 
combined  use  of  all  the  material  agencies  through  which  we  strive  for 
the  ultimate  complete  dominion  of  mind  over  matter. 

At  the  time  of  the  Louisiana  Purchase,  this  place  where  we  are 
assembled  was  a  wilderness,  more  than  a  thousand  miles  west  of  our 
center  of  population.  It  is  now  but  a  few  hundred  miles  west  thereof, 
and  will,  ere  two  decades  shall  have  elapsed,  claim,  not  only  the 
center  of  population,  but  also  the  center  of  wealth. 

You  thus  perceive  that  we  have  invited  you  to  join  us  in  the  cele- 
bration of  the  first  centennial  of  an  epoch  in  our  history  that  is  not 
paralleled  or  eclipsed  by  any  in  the  world's  history,  for  it  led  to  the 
establishment  of  the  predominence  of  the  Anglo- Saxon  over  the  Latin 
race  on  the  American  Continent.  I  mean  no  disrespect  in  the  state- 
ment of  this  fact.  I  simply  state  it  in  modest  pride,  with  due  respect 
for  all  nationalities  and  especially  for  the  Latin  race.  When  it  is 
remembered  what  has  been  accomplished  since  the  purchase  of  this 
territory,  what  remarkable  development  and  building  up  of  cities  and 
wealth  between  here  and  the  Pacific  Coast,  you  will  pardon  me  for 
indulging  in  this  self-congratulation  as  to  the  power  of  our  country 
and  of  our  people.  And  permit  me  to  tell  you  that  we  feel  all  the  more 
proud  because  it  was  accomplished  by  peaceful  diplomacy  and  but 
partly  by  destructive  wars.  The  patriotic  emotions  which  the  mem- 
ory of  this  Louisiana  Purchase  epoch  arouses  in  our  hearts,  causes 
me  to  entreat  you  to  join  with  us  in  our  song  and  jubilee,  yea,  shout 
with  us,  for  the  glory  of  a  Bepublic  which  has  become  an  Empire, 
without  the  loss  of  virtue,  liberty  or  independence.  The  purchase  of 
this  territory  was  the  beginning  of  a  policy  which  has  made  us  a  great 
republic,  and  was  principally  the  work  of  one  of  our  great  men,  who 
was  a  seer  in  statecraft  and  a  colossus  in  executive  ofiicial  courage.  In 
the  deliberations  and  discussions  of  this  Congress  we  are  realizing 
events  anticipated  by  his  prophetic  vision.  If,  by  the  assistance  of 
the  deliberations  of  this  Congress  we  shall  open  the  second  century 
after  this  important  epoch  in  our  history,  it  will  have  proved  to  have 
been  a  most  auspicious  event.  It  has  brought  together  men  of  thought 
and  action,  pioneers,  conservators  and  promoters  of  the  highest  civil- 
ization the  world  has  known.  The  fact  that  from  all  points  of  the 
compass  men  are  here  to  participate  in  the  work  of  this  Congress  shows 
that  it  is  an  undertaking  that  has  at  its  bottom  as  a  foundation  the 
welfare  of  all  the  people  of  the  world.  For  we  have  engineers  from 
all  countries,  men  who  have  contributed  their  knowledge,  experience 
and  their  speculations,  brought  here  to  be  in  a  measure  adjudged  be- 
fore a  tribunal  that  has  not  its  superior  though  it  is  but  a  voluntary 


424  INTBBN ATION  AL  BITOINEBBIKO   G0KQBE8S.  [Sodety 

jwsemblage  of  but  a  few  years'  effort  of  oreation.  Therefore,  I  heartily 
ooDgratulate  yon  each  and  all  npon  this  anspioions  event,  and  I 
express  the  hope  that  we  will  mntnally  understand  eaoh  other,  and, 
when  we  have  concluded  onr  labors,  we  shall  have  promoted  the 
•cause  of  engineering,  that  we  shall  have  strengthened  every  brother 
of  the  profession  present^  not  only  in  the  requirements,  but  in  the  firm 
belief  that  each  one  has  a  most  exalted  mission  to  fulfill  in  the  world's 
,  history.  We,  as  members  of  the  .  profession,  however  earnest, 
thoughtful  and  industrious,  too  often  lack  enthusiasm,  trusting  to 
desirable  results  following  from  reasonable  effort.  That  is  sound 
philosophy,  but  success  does  not  always  crown  reasonable  effort. 
Enthusiasm  and  extraordinary  effort  is  too  often  the  price  of  success 
and  victory.  We  confidently  expect  when  the  work  of  this  Congress 
shall  have  been  completed  our  fondest  hopes  will  have  been  realized, 
and  that,  when  it  shall  have  becomes  part  of  the  engineering  literature, 
it  will  prove  a  depository  often  years  of  |)rogress  in  our  profession,  in 
which  there  has  been  accomplished  as  much,  if  not  more,  than  in  any 
preceding  decade.  Therefore,  I  congratulate  you  upon  this  auspicious 
event. 

Mr.  D.  H.  Francis,  the  President  of  the  Louisiana  Purchase  Expo- 
sition was  to  have  addressed  you  next  in  order.  A  death  in  his  family 
prevents  his  attendance.  Mr.  F.  J.  V.  Skiff,  Director  of  Exhibits, 
will  respond  in  place  of  Mr.  Francis. 

Mb.  Fbedebiok  James  Y.  Skiff. — Mr.  President,  Ladies,  Members 
of  the  Congress  and  Visitors;  it  is  a  difficult  task  under  any  circum- 
stances to  appear  to  the  satisfaction  of  others  in  the.  place  of  Presi- 
dent Francis.  I,  usually,  in  fact,  always,  regret  if  circumstances 
compel  me  to  do  so.  Therefore,  I  regret  it  this  morning,  because  as 
your  President  has  said,  Mr.  Francis  is  absent  on  account  of  the  death 
of  his  uncle,  who  stood  much  closer  to  him  than  that  relationship 
usually  does. 

However,  the  exposition  management  could  not  permit  an  assem- 
blage of  this  distinguished  character  to  gather  together  without  some 
expression  of  its  unusual  gratification.  The  Congresses  and  different 
International  and  National  gatherings  that  from  time  to  time  are 
meeting  at  this  Exposition  number  in  the  total  about  four  hundred, 
and  of  how  much  greater  value  this  register  of  universal  opinion  and 
judgment  and  thought  will  be  than  the  jnere  exposition  of  material 
things,  you,  gentlemen,  are  as  capable  of  judging  as  we  are,  we 
think,  of  estimating.  This  Exposition,  I  think,  will  appeal  to  all 
students,  scholars,  professional  and  technical  men,  as  having  a 
higher  nature  or  educational  mission  than  any  similar  undertaking. 
In  fact,  it  is  the  basis  of  our  labors  and  the  hope  of  our  tolL  The 
Exposition  in  a  material  sense  will  pass  away  to-morrow,  in  a  day, 
and  the  memory  of  contemporaneous  people  will  sustain  it  as  a  record 
for  only  a  short  time.      But  the  record  of  the  thought  that  created 
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the  Exposition,  not  referring  to  the  management,  bnt  the  record  of 
-the  thought  through  which  these  material  eyidences  of  man's  con- 
dition and  society's  condition  at  this  time — that  secord  becomes  an 
Asset  that  will  bnild  and  sustain  the  ages. 

Unprepared,  as  a  man  should  be  to  address  a  meeting  of  this 
nature,  as  I  am,  I  shall  not  presume,  ladies  and  gentlemen,  to  do 
more  than  extend  you  the  cordial  welcome  of  the  management.  An 
opportunity  of  this  character,  to  say  something  to  receptive  minds, 
to  get  men  of  thought  and  push  and  progress  in  sympathy  with  what 
you  may  have  entertained  with  reference  to  the  afGairs  of  society  at 
this  time,  and  of  the  importance  of  professions  in  its  development,  is 
an  occasion  that  I  would  have  welcomed  very  warmly.  But,  as  I  say, 
in  justice  to  you  and  in  fairness  to  myself,  I  must  not  follow  in  a 
rambling  way  the  fugitive  thoughts  that  occur  to  me.  I  have  just 
this  moment  received  the  suggestion  that  I  appear  in  behalf  of  the 
President,  and  I  left  an  important  committee  for  that  purpose.  How- 
ever, no  matter  how  accidental,  and,  under  the  circumstances,  how 
painful  my  appearance  here  this  morning  may  be,  I  desire  to  confess 
to  you  the  honor  I  experience  in  addressing  such  a  gathering.  In 
behalf  of  the  management,  let  me  assure  you  that  the  Exposition 
iippreciates  a  meeting  within  its  domains  of  such  a  magnificent  com- 
pany of  people,  both  in  its  personnel  and  in  its  relationship  to  life. 
We  see  the  evidences  of  your  accomplishments  everywhere  about  these 
grounds.  It  is  almost  trite  to  say  that  there  would  have  been  no  pro- 
gress without  the  engineers.  We  thank  you  for  being  present.  We 
highly  appreciate  the  representative  character  of  this  meeting.  We 
trust  that  your  deliberations  will  be  attended,  not  only  with  the  intel- 
lectual and  scientific  results  that  you  aspire  to,  but  to  your  own 
personal  comfort  and  satisfaction,  and  anything  that  this  Exposition 
can  do  to  contribute  to  that  end,  let  me  assure  yon  on  behalf  of  the 
President,  the  Exposition  is  entirely  at  your  command. 

The  Chaibuak.— The  next  thing  in  the  way  of  an  address  comes 
from  a  gentleman  who  has  been  amongst  us  but  a  few  short  weeks, 
less  than  a  month,  but,  in  that  brief  interval  of  time,  his  association 
with  us  has  endeared  him  greatly  to  us  as  a  people  and  particularly 
AS  engineers.  The  birthplace  of  such  a  man  cannot  be  wrong,  no 
matter  upon  what  spot  of  the  globe  it  may  be  found.  England  is 
proud  of  him,  and,  had  his  place  of  nativity  been  in  the  United 
States,  though  he  could  not  have  contributed  perhaps  as  much  as  he 
has  to  England,  it  would  nevertheless  have  made  us  prouder  and 
•endeared  him  to  us  all  the  more.  It  is  not  necessary  for  me  to  in- 
troduce Sir  William  White  to  this  audience.  He  is  too  well  known. 
Sir  William,  will  you  kindly  take  the  stand. 

Snt  WiiiiiiAM  H.  White. — Mr.  President,  Ladies  and  Gentlemen:  It 
is  impossible  for  me  to  express  my  sense  of  obligation  to  you,  sir,  for 
the  very  kind  terms  in  which  you  have  spoken  of  me  and  of  my  work, 
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aiid  I  rise,  not  to  refer  to  any  personal  work  or  merit  or  demerit  of  mj 
own,  bnt  at  jonr  request  to  speak  on  behalf  of  all  foreign  engineers 
taking  part  in  this  Congress.  To  be  asked  to  undertake  that  task  is 
a  very  high  distinction.  This  Congress  has  brought  together,  as  jon 
have  said,  sir,  engineers  of  eminence  from  all  parts  of  the  civilized 
world,  and  its  proceedings  will  contain  contributions  from  men  who 
have  distinguished  themselves  in  the  several  branches  of  their  profes- 
sion and  who  here  put  before  this  Congress  their  matured  thoughts 
and  the  record  of  their  experience.  And  to  speak  on  behalf  of  such 
men  before  such  an  audience  is  an  honor  that  I  most  highly  appreciate. 
I  suppose  the  fact  that  I  have  been  asked  to  do  so  is  chiefly  due  to  the 
circumstance  that  this  year  I  am  the  President  of  the  Institution  of 
Civil  Engineers,  and  it  is  to  me  a  great  happiness  that  in  this  year  of 
office  it  has  been  marked  by  many  new  departures  and  has  led  me  to 
come  to  the  United  States  for  the  first  time  in  my  life  and  here  as  the- 
representative  of  what  is  the  parent  Society  of  Engineering  in  all 
English-speaking  countries  of  the  world  to  join  hands  with  our 
American  brothers.  And  I  am  sure  I  may  venture  to  go  one  step 
further  and  to  say  that  all  the  foreign  delegates  present  here  from  all 
other  countries  heartily  share  in  the  feeling  of  regard  and  respect 
which  I  have  endeavored  to  express  on  behalf  of  the  English  En> 
gineers  toward  the  American  Society  of  Civil  Engineers,  whose  guests 
we  are  on  this  occasion.  The  Institution  of  Civil  Engineers  is  trying 
to  the  utmost  of  its  power  to  show  the  respect  which  it  has  for  the 
American  Society  of  Civil  Engineers,  and,  as  I  ventured  to  say  at  our 
first  meeting  in  New  York  when  you  were  so  good  as  to  receive  us,  we 
have  done  in  your  honor  that  which  has  never  been  done  before  in  the- 
eighty-six  years  of  its  existence,  and  we  have  done  more  for  this  Con- 
gress than  we  have  ever  done  for  any  Congress,  even  including  that 
great  Congress  held  in  Glasgow,  which  was  also  International.  There- 
the  Association  in  its  corporate  capacity  had  no  appearance.  The 
President  of  the  Institution  was  President  of  the  Congress  and 
nearly  all  the  Presidents  of  the  several  Sections  were  members  of  the 
Institution;  but  the  Institution  in  its  corporate  capacity  did  not 
appear  then.  But  now,  to-day,  by  the  decision  of  the  Council  and 
with  the  approval  of  the  members,  I  stand  here,  sir,  to  convey  to  you 
the  good  wishes  of  my  friends  and  fellow  members  who  are  present 
here  in  numbers  to-day,  and  behind  them  the  good  wishes — the  best 
wishes  for  your  success  herein  of  all  your  engineering  work — of  the 
eight  thousand  members  of  our  Institution,  and  amongst  those  eight 
thousand  members  there  are  many  of  the  most  eminent  men  who  are 
citizens  of  the  United  States  and  prominent  in  your  Society.  It  is  a 
great  joy  to  us  to  think  that  wherever  we  have  gone  on  this  continent 
we  have  been  met  by  members  of  our  Society,  and  so  we  have  felt  even 
more  at  home,  because  when  a  man  comes  to  you  and  you  clasp  hand» 


Affairs.]  JKTEBNATIOKAL    BNOINEERINO  C0N0RB8S.  427 

with  him,  although  yon  have  never  seen  him  before,  there  is  a  com- 
mon bond,  a  common  interest  and  sympathy  that  is  difiicnlt  to  ex- 
press, bnt  which  is  none  the  less  real  and  tme.  We  are  old,  bnt  we 
are  by  no  means  effete.  We  are  vigorous,  which  is  shown  by  this  long 
jonmey  we  are  taking  in  onr  old  age;  and  in  many  directions  we  are 
showing  signs  of  life.  Dnring  the  last  two  or  three  years  steps  have 
been  taken  by  onr  Institution  which  mark  new  departures,  new  de- 
partures which  I  venture  to  say,  and  I  say  it  with  all  respect,  will  be 
followed  by  other  engineering  Societies. 

We  are  proud  to  speak  of  engineering  as  a  profession.  So  it  is.  It 
is  a  learned  profession,  or  should  be,  and  the  Institution  of  Civil 
Engineers  has  marked  its  appreciation  of  that  fact  by  insisting  upon  a 
strict  educational  test  embracing  engineering  education  and  scientific 
training  in  all  departments.  In  the  matter  of  standardization,  a  thing 
which  affects  manufacture  and  production  in  a  most  remarkable  way, 
the  Institution  has  taken  steps  to  appoint  a  most  powerful  Committee 
which  has  been  at  work  now  some  considerable  time,  and  many  of  the 
reports  of  which  have  been  placed  at  the  disposal  of  your  Society  and 
will  be  found  here.  We  may  not  be  able  to  standardize  throughout 
the  world,  that  is  not  to  be  expected,  but  we  are  glad  to  place  at  your 
disposal  such  information  and  facts  and  conclusions  as  we  profess  and 
we  ask  you  for  an  interchange,  feeling  sure  that  the  experience  of 
this  great  Continent  in  its  various  branches  of  engineering  will  be  of 
the  greatest  value  to  us. 

And  then  this  year,  we  have  taken  another  step  which  naturally 
grows  out  of  that  of  which  I  spoke  just  now,  the  insistence  upon  an 
educational  test,  and  we  have  again  appointed  a  Committee  represen- 
tative of  the  Great  Engineering  Society  of  Great  Britain  to  deal  with 
the  question  of  engineering  education,  a  matter  which  has  been  most 
thoroughly  considered  here  and  where  we  have  been  able  to  learn 
much  and  which  we  all  agree  must  largely  affect  the  future  of  engi- 
neering. 

These  are  only  samples  of  what  I  venture  to  say  are  evidence  of  vig- 
orous life  in  an  Institution  which  will  soon  be  ninety  years  old,  and 
giving  me,  as  President  of  that  Institution  to-day,  the  prominence  you 
have  in  asking  me  to  respond  for  your  foreign  visitors,  may  I  again 
say  that  I  take  it  not  merely  or  chiefly  as  a  personal  matter,  but  as  a 
tribute  to  the  dignity  of  the  office  which  I  at  present  hold. 

This  gathering,  as  we  all  know,  is  one  of  a  great  series.  I  suppose 
we  may  say  that  the  first  great  occasion  of  this  kind  was  at  Chicago 
eleven  years  ago,  and  since  that  time  there  have  been  similar  gather- 
ings in  Paris,  Glasgow  and  Diisseldorf,  and  naturally  we  come  back 
to  this  country  and  the  cycle  begins  again,  and  it  could  not  begin 
under  happier  circumstance  or  in  a  more  suitable  locality. 

You  have  spoken  of  historical  events  connected  with  St.  Louis. 
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To  TLB  these  are  matters  of  great  interest  beoanse  they  had  to  do  with 
the  growth  of  this  great  kindred  people,  bnt,  if  I  may  say  so,  I  think 
I  voice  the  feeling  of  English  Engineers  when  I  say  we  cannot  come  to> 
St.  Lonis  withont  thinking  of  Capt.  Eads.  To  most  of  us  he  is  now 
only  a  name,  bnt  I  think  all  of  ns  will  make  a  visit  to  the  levee  and 
look  upon  his  great  bridge  standing  there.  And  we  all  know  of  those* 
gigantic  works  he  carried  out  at  the  month  of  the  river  and  I  remember 
when  only  a  yonng  naval  architect  of  reading  with  immense  interest 
the  account  of  what  Capt.  Eads  did  in  the  way  of  the  construction  of 
a  flotilla  in  these  waters  during  the  Civil  War,  a  work  accomplished 
under  enormous  difficulties,,  under  great  pressure  of  time,  but  done  in 
a  manner  that  fally  met  the  requirements  of  the  situation,  and  which 
no  doubt  had  great  effect  on  the  results  of  operations  in  this  region. 

These  are  only  a  few  instances  of  what  we  remember  of  Capt.  Eads,. 
whose  name  I  am  sure  is  cherished  as  that  of  a  great  engineer  of  whom 
we  are  all  proud  and  whom  we  all  respect. 

And  then  as  to  the  organization  of  this  Congress.  You,  sir,  on  this 
side  having  faculties  for  organization  and  you  had  the  experience  of 
the  Chicago  meeting  to  go  upon  besides  the  knowledge  that  had  been 
acquired  from  these  other  gatherings  in  other  countries,  but  if  1  may 
say  so,  anyone  who  looks  through  your  Proceedings  and  sees  the  list  of 
papers  prepared  by  the  many  authorities  can  want  no  further  evidence 
of  the  capacity,  the  grasp  and  comprehensiveness  of  the  scheme  which 
has  been  laid  down  for  our  meeting  here.  But  there  is  one  little  touch 
which  I  shall  venture  to  mention.  1  came  into  the  room  this  morning' 
and  saw  this  diagram  on  the  board  giving  the  particulars  of  the  places 
of  meeting  of  the  various  sections.  I  had,  before  I  saw  that  scheme 
of  the  places  of  meeting,  the  greatest  admiration  for  the  skill  that  had 
been  displayed  in  the  organization,  but  the  final  touch  was  reached 
when  I  saw  that  Section  G,  the  Naval  and  Military,  worthily  repre- 
sented by  Major  Craighill  who  sits  here,  was  to  meet  in  the  room  of 
the  Lady  Board  of  Managers.  I  do  not  remember  any  gathering  with 
which  I  have  had  to  do  heretofore  where  I  have  seen  the  proprieties 
so  beautifully  dealt  with  as  in  Section  G,  and  1  am  sure  with  Gen» 
Craighill  at  our  head,  those  of  us  who  belong  to  G  will  have  a  good 
time.  Section  G  is  reserved  for  us.  It  is  only  those  that  belong  ta 
the  naval  and  the  military  that  are  to  join  the  Lady  Board  of 
Managers. . 

Now,  resuming  what  I  have  to  say  about  this  gathering  it  is  most 
fitting  that  these  Congresses  should  be  held  in  connection  with  such 
expositions  as  we  have  here  in  St.  Louis,  and  I  entirely  echo  the  sen- 
timent expressed  by  the  gentleman  who  preceded  me  when  I  say  that 
on  the  educational  side  this  Exposition  certainly  bears  a  part.  It  is 
a  proud  thing  for  an  engineer  to  walk  about  these  magnificent  build- 
ings, to  see  the  wonderful  collections  there  and  to  think  that  he  be- 
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longs  to  a  profession  which  has  had  so  mnoh  to  do  'with  the  creation 
of  all  these  marvels  and  with  the  great  adyanoes  that  have  been  made- 
in  every  direction  for  the  benefit  of  mankind .  One  has  to  try  to  cultivate 
a  spirit  of  modesty  because  there  is  such  a  danger  as  one  sees  what  has 
been  done  of  pluming  oneself  too  much  and  so  perhaps  becoming  in- 
effective for  the  future,  for  a  man,  in  my  experience  of  men,  who 
thinks  he  has  finished  learning  had  better  retire  from  the  profession 
and  take  something  less  difScult  than  engineering.  Here  we  have  the^ 
latest  applications  of  science,  engineers  of  all  countries  contributing 
not  merely  to  show  what  is  the  present  position  of  affairs,  but  to  give- 
the  means  of  indicating  what  are  future  tendencies  in  the  several 
branches,  and  then  what  is  in  evidence  so  much  and  what  rejoices  us< 
that  we  cannot  walk  through  the  Exposition  without  thinking  that 
the  old  ideas  of  secrecy  and  the  monopoly  in  invention  is  gone  andv 
instead  we  have  the  modem  spirit  in  which  invention  legally  protected 
is  published  to  the  world.  It  stands  upon  its  merits  and  its  results 
decide  whether  or  not  it  shall  be  largely  utilized.  And  to  meet  here- 
with such  a  gathering  as  this,  a  gathering  of  engineers  of  eminence- 
from  all  parts  of  the  world,  it  is  a  lesson  and  not  only  a  lesson,  but  a 
great  opportunity  to  all  of  us.  Science  and  engineering  are  neces- 
sarily and  inevitably  connected.  Their  union  is  indissoluble.  I  for 
one  refuse  to  admit  that  applied  science  is  in  any  way  inferior  to  what 
is  called  pure  science.  I  have  the  highest  respect  for  a  man  who  de- 
votes his  life  to  a  service  without  thought  of  commercial  rcBult  or 
pecuniary  reirard;  but  I  say,  as  I  have  often  said  before,  that  to  my 
thinking  a  man  who  takes  upon  himself  the  task  of  doing  things — en- 
ormous responsibility,  not  merely  for  material  benefit^  but  for  human 
life — that  man  is  equally  worthy  of  respect  and  admiration,  and  when^ 
I  hear,  as  I  sometimes  do  hear,  men  hold  up  the  example  of  Faraday 
and  say  that  is  the  noblest  character  who  makes  discoveries  and  puts 
aside  the  question  of  personal  advantage,  I  say  Faraday  is  a  noble 
type,  but  a  man  who,  like  George  Stephenson,  faces  the  unknown 
and  carries  through  enormous  undertakings  for  the  benefit  of  man- 
kind is  also  entitled  to  equal  respect  from  his  fellows. 

The  engineer  must  be  a  man  of  science.  A  purely  scientific  man, 
devoting  himself  as  he  does  to  tasks  commanding  the  highest  grade  of 
the  intellect,  is  free  from  many  cares  that  press  upon  the  engineer. 
Let  us  then  go  our  several  ways  respecting  one  another,  helping  one^ 
another,  and  we  may  be  sure  that  for  that  feeling  of  happiness  the 
world  may  be  better. 

And  then,  as  one  goes  about  the  Exposition,  there  is  another  thing 
to  be  seen  and  that  is  the  marvelous  diversity  under  modem  conditions 
of  the  tasks  of  the  engineer.  There  was  a  time  when  the  Civil  Engi- 
neer, in  his  own  person,  could  embrace  all  kinds  of  engineering,  and 
did  so.  He  practiced  nearly  every  kind  and  every  branch  of  engineer- 
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ing.  All  branches,  whether  canals  of  the  kind  that  belong  to  the  end 
of  the  Eighteenth  Centnry,  or  railroads,  or  bridges;  all  laj  within  the 
grasp  and  practice  of  one  indiyidnaL  Bnt  how  different  is  it  now  I 
We  may  have  some  knowledge  of  many  branches,  bnt  we  all  find  as  the 
years  go  on  that  we  become  specialized  whether  we  will  or  not.  It  is 
inevitable  that  it  should  be  so.  As  in  science,  so  it  will  be  in  applied 
science  or  engineering.  So  let  us  remember  always  that  all  branches 
of  engineering  are  inter-dependent,  they  are  all  related.  The  lines  of 
demarkation  cannot  be  defined.  A  man  may  intend  to  be  one  thing 
and  come  to  be  quite  another.  I  never  intended  to  be  an  engineer  at 
all,  but  somehow  I  came  to  be  one.  I  had  no  one  belonging  to  me  that 
had  the  least  connection  with  shipbuilding,  but  I  have  been  a  ship- 
builder. I  suppose  it  would  be  called  the  force  of  circumstances,  but 
so  it  happened,  and  in  engineering  as  a  whole  men  find  their  place.  I 
do  not  mean  to  say  they  continue  all  their  lives  to  practice  one  branch 
of  engineering,  but  the  unavoidable  necessities  cause  men  however 
able  to  be  attached  to  some  special  branch  of  work  as  the  years  go  on 
and  to  distinguish  themselves  there.  And  so  in  this  Congress,  with 
its  several  sections,  let  us  feel  that  although  that  is  true,  and  special- 
ization is  unavoidable,  let  us  remember  that  we  have  the  common  tie 
of  all  being  engineers,  and  that  we  help  one  another,  that  no  one  stands 
alone  but  even  the  specialist  is  dependent  upon  his  brethren. 

Now,  if  I  may  refer  to  that  which  I  know  most  about,  shipbuilding, 
just  think  what  the  modem  ship  involves.  The  modem  ship  could 
never  be  but  for  the  joint  action  of  many  branches  of,  engineering. 
You  know  you  have  the  Mining  Engineer,  the  Metallurgical  Engineer, 
the  Mechanical  Engineer,  the  Marine  Engineer,  and  the  Electrical 
Engineer,  all  contributing  to  help  the  Naval  Architect  to  produce  the 
ship  that  plows  the  sea,  and  defends  the  honor  of  the  flag.  The  Naval 
Architect  takes  the  concrete  responsibility,  but  he  avails  himself  of  the 
skill  of  his  colleagues.  And  so  it  is  in  other  ways,  and  one  might 
multiply  illustrations.  The  truth  is  we  are  not  divided,  although  we 
must  be  specialized,  and  that,  I  think,  is  theg^reat  feature  of  our  Insti- 
tution and  of  your  American  Society  that  you  do  not  exclude  any 
branch  of  engineering  from  membership,  that  a  gentleman  who  is 
accomplished  and  competent  in  any  branch  of  engineering,  is  with  us 
and  I  believe  also  with  you,  entitled  to  the  privileges  of  full  member- 
ship. I  have  sat  in  the  chair  at  the  Institution  of  Civil  Engineers  dur- 
ing the  past  year  and  listened  to  discussions  of  the  most  diverse  char- 
acter, and  I  have  never  on  a  single  occasion  failed  to  get  some  good, 
some  idea,  some  suggestion,  some  additional  information  that  would 
be  helpful  to  me  in  my  own  work.  And  then,  if  I  may  go  one  step 
further,  I  like  to  think  on  this  occasion  how  one  nation  helps  another, 
not  merely  how  one  department  of  engineering  helps  another,  but  how 
one  natipn  helps  another.    Vfe,  in  England,  have  grown  to  be  the 
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great  shipbuilders  of  the  world.  We  are  proud  of  it.  We  claim  it, 
we  know  we  hold  it,  and  we  intend  never  to  sacrifice  it  as  long  as  we 
can  hold  it,  but  we  do  not  forget  that  we  owe  our  knowledge  of  the 
theory  of  naval  architecture  to  our  French  brothers.  The  French,  in 
naval  investigation,  were  leaders,  and  they  to-day  remain  in  the  fore- 
front of  investigation,  and  we,  Who  learn  so  much  from  them  and  who 
now  endeavor  to  equal  them  on  the  theoretical  side,  I  think,  in  our 
turn,  have  been  able  to  give  some  service  in  the  department  of  the 
practical  art  of  shipbuilding.  And  so  in  America.  1  like  to  think 
of  what  I  claim  we  have  in  England,  in  ''the  old  country,"  of  some  of 
the  things  which  are  reckoned  as  belonging  so  peculiarly  to  the  United 
States.  Take,  for  instance,  the  America's  Cup.  Everybody  knows  that 
the  America,  which  took  the  cup,  was  designed  by  a  gentleman  named 
Steers,  who  was  born  in  the  United  States.  That  you  aU  know.  I  am 
bound  to  say  you  can  all  tell  me  that,  but  I  wonder  if  you  all  know, 
as  I  do,  that  the  Mr.  Steers  who  designed  the  America  was  bom  a  week 
or  two  after  his  mother  landed  here,  and  that  his  father  was  bom  in 
oar  own  little  town.  I  will  leave  it  to  you  to  say  how  much  claim  we 
have  on  Mr.  Steers,  and  I  shall  not  enter  further  into  that  discussion. 
Now,  of  course,  in  relation  to  Engineering  in  its  great  development 
we  can  fairly  claim  that  we  have  done  most,  as  was  said  by  the  gen- 
tleman representing  the  Exposition,  we  have  done  most — I  think  it 
might  be  more. modest  to  say  much,  toward  all  the  modern  changes 
that  have  been  beneficial  to  humanity.  It  is  extraordinary  when  one 
thinks  of  what  work  the  engineer  has  done  in  the  promotion  of  the 
knowledge  of  one  nation  by  another  in  the  maintenance  of  peace,  in 
the  development  of  the  forces  and  resources  of  Nature,  in  all  that 
msJ^es  for  the  good  of  Mankind.  And  that  is  the  side,  I  think,  we 
should  be  most  inclined  to  dwell  upon,  the  benefits  that  engineering 
confers  upon  our  fellow-creatures,  the  waste  places  of  earth  made  to 
blossom,  distance  annihilated.  My  life  has  been  largely  connected 
with  the  construction  of  warships,  and  perhaps  it  may  seem  a  funny 
thing  for  me  to  say  that  that  is  the  side  of  engineering  of  which  we 
should  be  most  proud  and  I  am  going  to  make  a  claim  that  will  aston- 
ish you.  I  am  sorry  to  deal  with  a  personal  matter,  but  I  cannot 
make  my  point  without  doing  so.  It  has  been  my  fortune  to  spend 
more  of  the  public  money  <5f  England  upon  naval  armament  than  any 
man  who  ever  lived,  many  times  over.  After  spending  $500  000  000, 
which  was  about  the  expenditure  that  I  had  to  be  responsible  for 
during  my  tenure  of  office,  upon  warships  and  armament,  it  may  seem 
strange  that  I  should  lay  claim  to  having  done  much  for  the  mainte- 
nance of  peace,  but  I  do  make  that  claim,  and  I  do  it  for  this  reason: 
There  is  an  old  Latin  proverb  which  we  always  had  before  us  at  the 
country  school  at  Portsmouth,  '' 8i  vis  pacem  para  bdlum"  "If  you 
want  peace  be  ready  for  war,"  and  I  can  say,  personally,  that  the 
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posseseion  by  England  of  a  great  nav  j  has  been  the  cause  of  the  main- 
tenance of  peace  on  many  occasions,  when  otherwise  peace  would  not 
have  been  kept.  The  policy  of  England  and  of  the  United  States  is 
that  of  peace,  but  no  one  can  hope  for  continuous  peace,  as  the  world 
is,  who  lies  open  to  attack  which  cannot  be  met,  and  so  I  venture  the 
claim  that  even  on  the  war  side  the  same  might  be  said  of  military 
matters.  There,  the  engineer  is  just  as  essential  as  in  the  building  of 
warships,  whether  it  is  the  production  of  guns  or  ammunition  or  ex- 
tplosives,  whether  it  is  the  production  of  the  means  of  transport, 
including  the  latest  development,  the  traction  engines,  which  we  used 
Bo  much  in  South  Africa,  or  the  electrical  equipment,  a  modern  army 
is  impotent  without  the  work  of  the  engineer,  and  there,  again,  while 
I  deplore  that  it  should  be  necessary  that  these  large  sums,  which 
could  be  so  much  more  usefully  employed  in  developing  peaceful 
industries,  should  have  to  be  expended  in  warlike  preparations,  yet 
as  the  world  is,  taking  human  nature  as  it  is,  the  engineer  who  devotes 
himself  to  warlike  work,  in  my  judgment,  can  fairly  claim  to  stand 
among  the  peace-makers. 

Ladies  and  Gentlemen,  I  fear  I  have  been  too  long,  but  I  do  wish 
before  I  sit  down  to  go  back  to  that  idea,  that  we  engineers  through- 
out the  world  are  brothers  in  arms  fighting  against  the  adverse  forces 
of  Nature,  turning  them  into  useful  forms,  taking  the  great  waterfalls 
of  this  country  and  harnessing  them  into  the  service  of  Man.  We  have 
just  been  to  Niagara,  and  there  on  both  sides  we  saw  those  wonderful 
works  proceeding  which  will  turn  those  magnificent  falls  into  the  ser- 
Tice  of  Mankind  on  an  even  more  extensive  scale.  In  Toronto  I  was 
speaking  to  that  great  English  professor,  Gk)ldwin  Smith,  and  he  said 
-to  me  "  If  you  are  going  to  Niagara,  I  hope  you  will  say  to  them  '  don't 
let  that  beautiful  wild  spot  be  spoiled  by  great  engineering  opera- 
tions.' "  When  I  got  to  Niagara  I  found  that  the  Superintendent  of 
the  Canadian  part  was  a  Civil  Engineer,  a  member  of  our  Society,  and 
there  was  the  engineer,  and  one  of  his  great  preoccupations  was  that 
when  those  works  are  completed  Niagara  shall  be  as  beautiful  as  it  is 
possible  for  human  skill  to  make  it.  That  is  a  part  of  the  scheme.  It 
is  not  necessary  to  make  things  ugly  to  make  them  useful,  although 
«ome  people  act  at  times  as  if  they  thought  it  was.  -  That  is  the  idea, 
brotherhood  of  engineers,  brothers  in  arms.  I  like  to  think  of  Engi- 
neering as  a  great  and  splendid  tree.  Its  root  strikes  deep  into  the 
thoughtful  soil  of  Science.  Its  main  trunk  lies  in  the  idea  .of  subor- 
dinating and  utilizing  the  forces  and  products  of  Nature  in  the  service 
of  Mankind.  Its  branches  ramify  in  all  directions,  and  are  continu- 
ally throwing  out  fresh  shoots  as  new  demands  arise  and  new  things 
have  to  be  met,  and  behind  it  all  lies  the  fundamental  idea  that  all  £n- 
^^eers  have  one  common  object,  the  service  of  Humanity. 

Chairman  Hbbkany. — I  will  now  call  upon  our  foreign  representa- 
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tives  to  say  a  few  words  upon  this  occasion.     We  sincerely  hope  that 
they  will  respond  in  the  order  called  upon. 

The  first  gentleman  who  will  address  you  is  M.  Loicq  de  Lobel, 
Delegate  of  the  Soci^t^  de  Geographie,  of  Paris. 

M.  LoiOQ  DB  LoBEL.— Mr.  President  and  Gentlemen  of  the  Inter- 
national Engineering  Congress:  You  know  with  what  difficulty  a 
frenchman  attempts  to  speak  the  English  tongue  correctly;  and, 
therefore,  you  will  permit  me  to  use  my  mother  tongue  to  express  to 
you  the  great  pleasure  and  satisfaction  that  we  have  to  be  with  you 
because  you  are  noble  representatives  of  the  '*  Genie  Civils  "  of  all  na- 
tions, and  I  can  say  without  fear  of  contradiction  that  the  greatest 
works  of  the  past  century  are  represented  in  this  body  by  those  who 
were  their  inspirers  and  executors. 

I  have  visited  some  of  your  Universities,  and  have  seen  what  you 
are  there  accomplishing  through  improved  methods  in  instructing  en- 
gineering students  to  combine  theory  with  practice. 

I  am  sure  that  this  Congress  will  produce  good  results  in  the  de- 
Tclopment  of  the  *'G«nie  Civils  "  and  in  cementing  a  more  intimate 
union  between  all  engineers  of  the  world. 

I  hope  that  you  will  find  early  another  occasion  to  hold  such  a 
Congress,  next  time  in  France,  when  we  shall  make  efforts  to  give  to 
you  the  same  cordial  reception  that  you  have  accorded  to  us  here  to-day. 

Chairman  Hebmamt.— The  next  gentleman  who  will  address  you  is 
Herr  Oswald  Ehrlinghagen,  of  Germany. 

Herr  Ehrlinghagen  spoke  in  his  own  tongue,  and  his  remarks  were 
not  reported. 

Chairman  Hebmant.— You  will  next  hear  an  interesting  address 
from  a  distinguished  citizen  of  our  sister  Bepublic,  the  Argentine 
Republic;  a  gentleman  who  has  grown  honorable  and  eminent  in  the 
pursuit  of  the  great  Profession  of  Engineering;  one  who  will  impress 
you  as  one  of  the  veterans  in  this  grand  profession.  I  have  pleasure 
in  introducing  Qon.  L.  A.  Huergo,  of  Buenos  Aires. 

Mb.  L.  a.  Hubrgo. — Honorable  President,  Ladies  and  Gentlemen: 
To  voice  the  importance  of  this  Engineering  Congress  of  the  World's 
Fair  held  at  St.  Louis  is  useless,  because  your  own  presence  here 
testifies  sufficiently  to  it,  you  who  have  come  from  every  part  of  the 
world  to  take  part  in  and  to  evince  your  interest  in  this  International. 
Congress  of  Engineers,  and  to  witness  at  the  same  time  the  results  of 
the  accumulated  and  combined  effort  of  Humanity  as  displayed  in 
this  Exposition. 

I  have  come  from  the  Argentine  Bepublic,  ami  have  been  traveling 
I  may  say  two  months,  for  I  stopped  in  London  en  route,  and  from 
there  had  to  come  through  Canada  to  reach  New  York,  and  finally  to 
the  St.  Louis  Exposition. 

I  cannot  prophesy  what  the  results  of  this  Congress  will  be. 
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beoause  my  time  here  so  far  has  been  given  to  learning  what  I  oould^ 
and  I  have  had  no  time  to  form  oonolnsions. 

I  have  been  given,  throagh  the  courteBj  of  the  American  Society  of 
Oiyil  Engineers,  at  New  York,  the  privilege  of  inspecting  some  of  the 
principal  engineering  undertaking^  there.  I  have  visited  the  Snbway> 
the  Navy  Yard,  the  West  Point  Academy,  and  some  of  the  engineering 
shops,  electrical  and  otherwise;  and  I  have  admired  the  great  kindness 
and  complaisance  with  which  I  have  been  everywhere  received. 

have  collected  a  great  deal  of  information  abont  the  transporta- 
tion questions  which  are  so  all-important  throughout  the  whole  world 
to-day,  and  upon  the  practical  solution  of  which  depends  every 
industry. 

I  have  had  great  pleasure  in  visiting  this  gathering,  composed  as 
it  is  of  so  many  English,  German  and  French  engineers,  as  well  aa 
those  of  other  nationalities;  and  I  believe  that  the  Engineering  Pro- 
fession combined  hold  within  their  hands  greater  powers  and  possi- 
bilities than  did  the  Olympian  Ck>ds  of  old. 

I  have  had  the  great  pleasure — ^which  alone  would  have  compen- 
sated for  all  the  labors  of  my  travels — of  shaking  hands  and  exchanging 
a  few  words  with  Thomas  A.  Edison,  and  I  consider  that  such  a  man» 
who  has  helped  us  to  achieve  that  which  a  few  years  ago  would  have 
been  accounted  impossible,  is  worthy  of  a  place  higher  than  that 
accorded  to  those  pagan  gods. 

I  have  been  to  Washington;  and  am  under  great  obligations  to  the 
Department  of  War,  to  the  Department  of  the  Navy,  and  to  the 
Agricultural  Department,  for  their  liberal  information  as  to  engi- 
neering as  applied  to  those  various  departments, 

You  will  consider  it  rather  strange  that  I  should  address  you  in 
the  English  tongue.  I  was  in  fact  educated  in  the  United  States,  but 
so  long  ago — forty-seven  years,  almost  half  a  century — that  I  am 
quite  at  a  disadvantage  in  so  addressing  you.  You  may  wonder  then» 
why  I  choose  to  use  English  rather  than  Spanish,  in  which  latter 
tongue  I  would  not  be  so  hampered  to  find  a  proper  vocabulary;  it  is 
simply  because  were  I  to  use  Spanish  I  would  be  understood  by  none» 
and  therefore  I  have  used  English.  One  of  my  reasons  for  so  doing  ia 
that  for  fifty  years  I  have  followed  the  great  maxim  of  George  Wash- 
ington: *'  Do  what  is  right,  and  fear  no  man.*'    (Applause.) 

Chairman  Hsbma^.—  I  call  next  upon  Mr.  B.  Bachmetew,  of  the 
Polytechnic  Institute  of  St.  Petersburg,  Russia,  whom  I  take 
pleasure  in  now  introducing. 

Mb.  B.  Bachmetbw. — Mr.  Chairman,  Ladies  and  Gentlemen:  I 
feel  greatly  honored  in  appearing  before  you  as  the  representative  of 
Russia,  and  as  my  command  of  English  is  very  limited,  my  remarks 
will  be  brief. 

One  fact,  especially,  I  wish  to  impress  upon  you,  and  that  is  that 
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it  is  sabject  for  congratalation  universally  that  the  central  idea  which 
has  inspired  this  Congress  is  so  fully  exemplified,  and  that  we  here 
see  so  fully  illustrated  the  fact  that  the  science  of  Engineering  is 
growing  more  and  more  international  in  scope,  and  that  engineering 
progress  is  developing  more  and  more  upon  these  international 
lines. 

I  further  wish  to  convey  to  you  from  the  Engineers  of  Bussia  a 
liearty  greeting  and  best  wishes.     (Applause.) 

Chaibmak  Hkrmany. — The  next  speaker  who  will  address  you  is 
Mr.  Otto  F.  Bchoszberger,  C.  E.,  of  the  Imperial  Technical  High 
School  of  Vienna,  Austria,  whom  I  have  the  honor  to  now  introduce. 

Mb.  Otto  F.  Sohoszbebobb. — Mr.  President,  and  Members  of  the 
International  Engineering  Congress:  As  a  representative  of  the 
Engineers  and  Architects'  Association  of  the  Technical  High  School 
of  Vienna,  I  bring  to  you  hearty  greetings  from  your  foreign  co- 
workers. I  am  rejoiced  to  participate  in  the  deliberations  of  the  In- 
ternational Congress  of  Engineering  in  St.  Louis,  under  the  auspices 
of  the  American  Society  of  Civil  Engineers,  so  grandly  planned, 
organized  and  carried  out  in  all  its  details.  I  find  it  to  far  exceed  my 
Anticipations. 

Chatbman  Hxbmamt. — The  Secretary  will  now  make  some  impor- 
tant announcements. 

Sbcbetaby  Hunt. — I  have  just  received  the  following  cablegram: 

"  London,  October  8d,  1904. 

^'Secretary  Engineering  Congress^ 

WoBiii>*8  Exposition,  St.  Louib,  Mo. 
Greetings  Junior  Institution  Engineers.     Best  wishes.  Success. 

**MotJim>N,  President'* 

I  wish,  further,  to  announce  that  Colonel  C.  M.  Watson,  Commis- 
sioner-General for  Great  Britain,  has  issued  the  following  invitation: 

*<The  Commissioner-General  for  Great  Britain  and  Mrs.  Watson 
request  the  honor  of  the  company  of  *  *  *  at  the  British  Boyal 
Pavilion  on  Wednesday  afternoon,  October  the  fifth,  1904,  from  three 
to  five  o'clock,  to  meet  the  President  and  Members  of  the  Interna- 
tional Congress  on  Engineering. " 

I  am  requested  by  Colonel  Watson  to  say  that  owing  to  the  location 
of  the  building  in  the  center  of  this  Fair,  it  will  be  necessary  for  each 
member  of  the  Congress,  and  each  of  the  ladies  who  are  to  attend,  to 
bring  with  them  a  card  of  introduction  which  will  be  issued.  Those 
who  have  registered  will  a  few  hours  later  be  able  to  receive  those 
oards  at  the  Secretary's  office  in  this  building.     (Applause.) 
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I  have  the  following  letter: 

"  Mr.  Chas,  W.  Hunt, 

^^  Secretary  International  Engineering  Congress^ 

'<  HaijL  of  Conobesses,  WoBiiD's  Faib. 
''  Deab  Sib:  The  Engineers'  Olxib  of  St.  Lonis  extends  a  very  cordial 
invitation  to  the  members  of  the  Engineering  Congress  to  attend  & 
smoker,  Friday  evening,  October  7th,  at  8.30  o'clock,  in  the  Missouri 
Building,  World's  Fair  grounds. 

'*  It  is  the  hope  of  the  Club  that  all  the  members  of  the  Congress 
will  find  it  convenient  to  be  present  that  evening. 

"Very  truly  yours, 

"R  H.  Febnald,  Secretary,'' 

On  this  occasion  it  will  not  be  necessary  to  have  tickets;  the 
badges  of  the  members  will  admit  them.     Nothing  is  said  about  the 
ladies,  so  I  presume  that  they  are  not  expected. 
I  also  have  the  following : 

**St.  Louis,  Mo.,  Sept.  30,  1904. 
"  Chas.  W.  Hunt, 

^^  Secretary  of  the  American  Society  of  Civil  Engineers^ 

Halij  of  Conobesses,  Wobld*s  Faib. 
(<Deab  Scb:  In  behalf  of  the  Local  Committee  of  the  American 
Institute  of  Mining  Engineers,  we  gladly  extend  to  your  Society  and 
other  visiting  engineers,  the  use  and  courtesies  of  our  headquarters  ai 
Block  74,  Mines  and  Metallurgy  Building.  All  Engineers  are  wel- 
come, and  we  will  be  glad  to  extend  any  courtesies  within  our  power. 
"Yours  very  truly, 

**H.  A.  Whbeleb, 

"Local  Sec*y." 

Also  the  following: 

**St.  Louis,  Mo.,  Oct.  1,  1904. 
'<Mr.  Chas.  Wabbbn  Hunt, 

**Sec'y  American  Society  Givil  Engineers, 

Adbonibtbation  BuhiDING,  World's  Faib. 
<*Dbab  Sib:  The  Goldschmidt  Thermit  Co.  has  offered  to  make 
special  demonstrations  for  the  members  of  the  International  Engineer- 
ing Congress  on  such  days  and  at  such  hour  as  may  be  most  conven- 
ient. The  Company  demonstrates  the  application  of  melting  and 
smelting  steel  by  chemical  reaction,  and  I  believe  it  would  interest  a. 
good  many  engineers  to  see  this  new  process.  Perhaps  it  would  be 
well  to  have  this  demonstration  given  on  two  different  days.  They 
are  executed  in  front  of  the  metal  pavilion  near  the  Mines  Building,. 
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And  take  fifteen  to  twenty  minntes.  I  would  snggeet  Tuesday  and 
Friday  afternoons,  at  4.00  p.  m.,  and  would  be  pleased  to  hear  from 
you,  etc. 

**  Very  truly  yours, 

**0.    E.    MOOBNSEN." 

Mr.  Mogensen  suggests  Tuesday  and  Friday  afternoon,  at  4.00  p. ic 
I  think  we  had  better  adopt  these  times,  and  if  those  members  who  are 
interested  in  the  matter  will  be  at  the  Metal  Pavilion,  near  the  Mines 
and  Metallurgy  Building,  at  4  o'clock  either  to-morrow  or  Friday 
afternoon,  they  will  be  given  this  opportunity  to  witness  the  experi- 
ments named. 

I  am  requested  by  the  Canadian  and  Niagara  Power  Company  to 
say  that  there  are  thirty  copies  of  a  little  pamphlet  which  waa  given 
to  the  British  Engineers  on  their  way  through  Niagara,  and  which 
copies  have  been  forwarded  here  for  delivery  by  me  to  those  members 
of  that  body  who  did  not  go  on  the  train.  They  can  be  had  by  appli- 
cation at  the  office  of  the  Secretary. 

You  all  have  copies  of  the  programme,  of  course,  so  I  do  not  think 
there  is  very  much  to  call  attention  to  there  except,  perhaps,  to  explain 
that  it  is  the  intention  to  carry  out  the  programme  as  printed.  If  the 
'discussion  of  any  one  of  the  subjects  assigned  for  Tuesday  is  not  finished 
it  vill  not  run  over  until  the  next  day,  but  will  be  called  up  at  the  last 
meeting,  which  has  been  left  open  for  the  purpose. 

The  meetings  of  the  Sections  are  shown  on  the  bulletin- boards 
which  gives  the  location  of  the  various  meeting-rooms,  and  it  will  not 
be  at  all  difficult  for  you  to  find  them.  However,  inquiry  can  be 
had  at  any  time  at  the  Secretary's  office,  which  will  be  open  at  all 
times,  and  you  will  be  directed  properly. 

Mr.  President,  Mr.  Brooks,  of  Boston,  wishes  to  say  a  few  words. 

Fred.  Bbooks,  M.  Am.  Soo.  C.  £. — Mr.  President  and  Gentle- 
men: I  wish  to  get  a  little  information  apropos  of  the  fact 
that  many  of  the  members  of  this  Congress  are  going  home  east- 
ward, and  to  those  who  can  make  it  convenient  to  stop  in  Boston^ 
I  would  say  that  in  Boston  there  is  a  large  local  Society,  the  Boston 
Society  of  Civil  Engineers,  in  behalf  of  whose  members  I  stand  here 
to  say  that  they  wish  to  afford  facilities  for  the  members  of  this  Con- 
gress to  see  what  there*  is  of  interest  in  Boston.  There  is  a  great 
deal  of  interest  in  Boston.  We  assume  that  the  world  knows  that  to 
be  a  fact,  but  the  information  I  desire  in  order  to  afford  proper  op- 
portunities for  showing  any  of  them,  is  as  to  how  many  are  to  go» 
and  when  they  will  be  there;  and,  as  far  as  may  be,  what  they  particu- 
larly desire  to  see.  A  list  will  be  opened  in  the  Secretary's  office  after 
this  adjournment,  and  those  who  have  time  to  go  to  Boston  will 
please  make  this  known  to  the  Secretary,  and  through  him  to  me. 
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Sbobetaby  Hunt. — Before  adjouminent  of  this  meeting  of  the  Con- 
gress, I  would  like  to  make  an  announcement  in  oonnecfion  with  the 
Annual  Convention  of  the  American  Society  of  Engineers. 

The  first  meeting  of  that  Convention  will  be  held  in  this  hall  at 
2.30  p.  M.,  to-day,  at  which  meeting  the  President,  Mr.  Hermany,  will 
deliver  the  Annual  Address. 

At  the  close  of  the  address  of  the  President  there  will  be  a  Business 
Meeting  of  the  Society.  I  should  like  to  say  that  all  members  of  the 
Congress  will  be  very  cordially  welcome  at  the  meeting  at  which  Mr. 
Hermany  delivers  his  address. 

Chairman  Hermant. — Gentlemen,  this  first  session  of  the  Inter- 
national Congress  of  Engineers  now  stands  adjourned  until  the  final 
session  to  be  held  on  Saturday  at  10  a.  h. 


CLOSING  SESSION. 
October  8th,  1904,  10  A.  M. 

October  8th,  1904,  10  A.  M«— Mr.  Robert  Moore,  Past -President, 
Am.  Soc.  C.  E.,  in  the  chair,  Chas.  Warren  Hunt,  Secretary. 

The  Chairman. — The  meeting  will  please  come  to  order.  I  am  very 
sorry,  as  I  am  sure  you  all  are,  at  the  announcement  that  Mr.  Hermany 
is  indisposed  and  may  not  be  able  to  be  here  this  morning,  although 
we  are  not  wholly  without  hope.  It  has  been  thought  best  that  the 
meeting  should  be  called  to  order  in  his  absence.  I  will,  therefore, 
ask  the  Secretary  for  the  next  business. 

Teie  Secretary.— The  Convention  was  to  have  a  report  from  each 
of  the  sections  of  the  Congress  and  I  have  one  from  Mr.  Alfred  Noble, 
Chairman  of  Section  A,  who  is  not  able  to  be  here  this  morning. 

The  report  was  read  by  the  Secretary,  as  follows: 

Report  of  the  Chairhan  of  Section  A. 

-'  I  beg  to  submit  the  following  concerning  the  work  in  Section  A: 
''  The  several  subjects  referred  to  this  Section  were  treated  in  an 
able  manner  bv  the  engineers  assigned  to  prepare  the  papers.  The 
present  methods  adopted  in  Harbor  Development  on  Sea  Coasts  in  the 
British  Empire^in  Holland  and  France  were  fully  described,  as  well  as  the 
methods  in  use  on  the  Sea  Coast  and  on  the  Great  Lakes  of  the  United 
States.  Much  interesting  discussion  was  'elicited,  both  written  and 
verbal.  Two  papers,  treating  specifically  of  the  use  of  concrete  blocks 
in  Harbor  Works,  one  general  in  character,  the  other  referring  to  a 
specific  case  in  Japan,  were  received  too  late  to  be  printed  for  the  use 
of  the  Congress. 

**  On  the  subject  of  Natural  Waterways  an  excellent  description 
was  given  of  the  methods  successfully  adopted  for  the  rivers  of  Hol- 
land, and  in  the  discussion  a  resume  was  given  of  the  experience 
gained  in  the  improvement  of  the  Channel  of  the  Mississippi.  A  descrip- 
tion of  the  so-called  Rolling  Dams  was  given  and  discussed  at  length. 
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the  disonssion  eliciting  an  interesting  comparison  of  rolling  and  bear- 
trap  dams. 

••  The  subject  of  Artificial  Waterways  was  treated  with  reference  to 
three  important  Ship  Canals  of  Holland,  and  the  Inland  Navigation 
System  of  France.  A  comprehensive  paper  on  the  general  subject  of 
Artificial  Waterways  was  presented  and  special  reference  made  to  the 
Manchester  Canal  and  suggested  waterways  across  the  Island  of  Great 
Britain.  Typical  canals  and  canalized  rivers  were  also  fully  described 
in  a  paper  relating  specifically  to  those  topics. 

'<  Tne  subject  of  the  concurrent  development  of  traffic  on  water- 
ways and  railroads  was  taken  and  examples  cited  to  show  that  they 
were  concurrent.     This  view  was  also  supported  in  the  discussions. 

''  The  several  papers  on  Dredges  described  comprehensively  the 
various  kinds  found  best  adapted  for  different  conditions  on  this  con- 
tinent, as  well  as  in  other  countries.  Tests  of  the  capacity  and  effi- 
ciency of  dredges,  carried  out  in  much  detail,  on  the  Mississippi  elicited 
very  full  discussion. 

**  Under  the  head  of  Wharves  and  Piers  the  methods  adopted  in 
New  York  Harbor  received  adequate  treatment  in  a  descriptive  paper 
and  in  the  discussion  which  followed. 

*•  The  meetings  of  the  Section  were  well  attended.  The  papers 
and  the  discussions  were  on  broad  lines,  and  it  is  believed  that  the 
proceedings  of  the  Section  will  constitute  a  valuable  portion  of  the 
records  of  the  Con^^ss. 

"Very  respectfully, 

**  A.  NOBLB." 

The  Chaibman. — Have  you  record  of  Section  B?  Is  Mr.  Croes,  the 
Chairman  of  that  section,  present? 

The  Secretary  reported,  in  the  absence  of  Mr.  Croes,  Chairman  of 
Section  B,  that  four  meetings  were  held  of  Section  B,  at  which  8 
papers  were  presented.  There  were  also  11  discussions  in  writing  and 
38  Members  participated  in  the  oral  discussion.  The  average  attend- 
ance was  31. 

Mr.  Hermany,  the  Chairman  of  the  Congress,  arrived  and  took  the 
chair. 

The  Chaibman. — ^We  will  now  call  for  the  report  from  the  Commit- 
tees of  Section  C. 

Mb.  Moobe. — Mr.  President,  I  have  no  written  report  on  Section  C, 
but  I  will  say  that  we  had  three  meetings,  first  on  Bailway^  Terminals, 
in  which  the  very  important  question,  and  one  which  is  pressing  hard 
on  all  the  trunk  lines  in  all  the  great  cities  of  railway  and  passenger 
terminals,  was  quite  fully  discussed.  We  had  the  general  statistics 
presented  by  Mr.  Corthell,  and  a  paper  by  Mr.  Foxlee,  of  London, 
describing  the  present  practice  in  London  and  the  proposed  modifica- 
tions at  one  of  their  great  stations.  Mr.  Pontzen  also  described  some 
of  the  most  recent  devices  for  handling  passengers  and  baggage  in  the 
City  of  Paris. 

The  second  discussion  was  on  Underground  Railways,  a  paper  by 
Mr.  Wm.  Barclay  Parsons,  descriptive  of  the  practice  in  New  York 
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and  of  the  present  elegant  snbway  which  is  ready  for  use,  another  by 
Messrs.  Basil  Mott  and  David  Hay,  giving  their  views  on  the  subject. 

In  the  absence  of  Mr.  Parsons  we  were  obliged  to  discuss  his  paper 
without  him. 

The  third  topic  for  discussion  was  Live  Loads  for  Bailway  Bridges^ 
and  that  was  fully  discussed  and  some  very  important  suggestions, 
made.  Then  the  Ventilation  of  Tunnels,  which  was  presented  in  a 
paper  by  Mr.  Charles  S.  Churchill,  of  the  Norfolk  and  Western  Bail- 
road,  and  Mr.  Francis  Fox,  of  London,  both  of  whom  showed  by 
actual  example  the  entire  feasibility  of  rendering  even  the  longest 
tunnel  perfectly  safe  and  wholesome,  and  showed,  also,  by  figures,  the 
the  great  economy  of  operation  accomplished  by  so  doing.  We  were 
also  fortunate  on  that  day  in  having  present  Mr.  Parsons,  who  gave 
an  important  and  interesting  account  of  some  matters  concerning  the 
subway  and  s^lso  the  ventilation  of  tunnels  which  was  the  subject 
proper  for  that  time. 

The  meeting  then  adjourned  sine  die.  This  was  earlier  than  some  of 
the  other  Sections  adjourned,  but  I  think  it  might  be  expected  that 
those  who  go  by  rail  should  arrive  earlier  than  those  who  go  by  steam- 
boat, canal  or  other  antique  method.  I  will  say,  however,  that  these 
meetings  were  well  attended.  The  discussion  was  interesting  and 
valuable,  and  I  think  the  members  of  Section  C  will  go  back  with  the 
strong  impression  that  the  meeting  was  very  well  worth  their  coming 
here  to  attend  and  that  it  will  very  evidently  impress  remembrances. 

The  Pbbsidemt. — The  next  report  is  from  the  Chairman  of  Section 
D,  Mr.  Steams. 

Mb.  Steabns. — Ladies  and  gentlemen,  I  have  not  prepared  any 
detailed  report  of  the  operations  of  this  Section;  in  fact,  it  would  be 
very  difScult.  It  was  so  largely  attended  and  there  were  so  many  dis- 
cussions that  it  would  be  rather  tiresome  to  enumerate  them.  The  sub- 
ject was  Materials  of  Construction.  On  the  first  day,  the  papers  on  the 
manufacture  of  Steel  and  the  Manufacture  of  Cement,  were  submitted 
and  very  thoroughly  discussed.  At  the  next  meeting  the  discussion  was 
on  Concrete  and  Concrete-Steel,  and  it  brought  out  a  very  thorough  and 
complete  discussion  which  could  not  be  finished  on  that  day.  The 
third  day  we  took  all  the  Materials  of  Construction,  including  Steel, 
Cement  and  Wood.  These  also  were  fully  discussed.  Then  on  the 
fourth  day  we  continued  the  discussion  of  Concrete  and  Concrete-Steel 
and  that  will  develop  a  great  deal  of  interest.  These  results  in  this 
section  of  the  Congress  will  make  valuable  literature.  When  I  first 
came  to  St.  Louis  I  looked  in  the  paper  and  in  the  funny  column  there 
was  the  story  of  a  gentlemen  who  had  seen  on  the  programme  that 
there  were  congresses  at  which  there  were  men  and  women,  that  he 
had  attended  the  congresses,  and  that  he  had  found  that  the  men  with 
the  brains  were  on  **  The  Pike."    That  is  not  true  of  the  engineers — 
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I  don't  mean  that  they  are  not  men  of  brains — but  it  is  not  true  tha^ 
they  were  on  ''The  Pike."  I  was  surprised  that  with  all  the  attrac- 
tions there  were  at  the  Fair  that  there  should  be  snch  an  attendance* 
at  the  Congpress,  and  as  there  was  at  the  section  oyer  which  I  presided, 
and,  as  I  hear,  by  report,  were  at  the  other  sections.  It  shows  th&- 
interest  of  the  engineers  in  their  profession.  Discussions  were  thor- 
oughly valuable.  They  came  from  gentlemen  who  were  prominent  in 
the  various  lines,  and,  further  than  that,  they  were  truly  intemationaL 
On  every  subject  that  was  taken  up  we  had  very  interesting  discus- 
sions from  men  from  the  various  nations  who  were  well  qualified  to^ 
discuss  the  subject.  It  seems  to  me  that  those  who  organissed  this 
Congress  and  those  who  planned  it  so  as  to  bring  forth  all  these- 
papers  and  discussions  should  be  congratulated  and  worthy  of  great- 
praise  for  the  work  they  have  done. 

The  Pbesident. — The  next  report  is  from  Section  E,  Mr.  H.  S*. 
Haines,  Chairman,  and  the  Secretary  will  read  his  report. 

Bbpobt  of  the  Chathman  of  Section  E. 

"  The  papers  presented  in  this  Section  were  upon  topics  which  at- 
tracted a  considerable  audience  at  each  session  and  elicited  interesting- 
discussions,  to  which  valuable  contributions  were  made  by  engineers: 
from  England,  Germany  and  Sweden. 

**  The  topic  of  Pumping  Machinery  in  connection  with  municipal 
water  supply  was  discussed  throughout  one  session  and  carried  over 
to  another.  The  papers  upon  recent  locomotive  practice  were  replete- 
with  information  and  contained  some  valuable  suggestions  as  to  the 
field  for  improvement. 

"  The  papers  upon  Passenger  Elevators  and  upon  recent  tests  of 
Steam  Turbines,  in  connection  with  the  discussions  upon  them,  repre- 
sent the  views  of  experts  with  reference  to  the  prospective  field  for- 
such  devices  that  are  based  upon  the  most  recent  experience. 

"  The  total  results  of  the  four  days*  sessions  in  this  Section  have- 
been  of  a  character  to  confirm  the  opinion  that,  for  an  International 
Congress  to  be  of  real  utility,  its  discussions  should  be  confined  to  a. 
few  hve  topics,  presented  in  papers  by  leading  experts  and  discussed- 
in  appropriate  sections  upon  appointed  days. 

*'H.  S.  Haines." 

The  President.— The  next  report  is  from  Section  F,  Electrical,  audi 
the  Secretary  will  read  that  report. 

The  Seobetabt. — The  Chairman  of  this  Section,  Mr.  Geo.  H. 
Pegram,  M.  Am.  Soc.  C.  E.,  was  forced  to  leave  before  this  time  and! 
did  not  have  an  opportunity  to  write  a  report.  I  can  say,  however^ 
that  in  this  section,  while  there  were  only  three  papers  presented,  they 
were  on  topics  of  great  interest,  and  while  the  meetings  of  the  Section 
were  not  very  largely  attended,  there  was  an  exceedingly  good  discus- 
sion by  experts. 

Thb  Pbesident. — The  next  report  is  of  Section  G,  Military  and 
Naval,  General  William  P.  Craighill,  Chairman. 
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GsNEBAii  CBAiaHiLii. — Mr.  President,  Ladies  and  Gentlemen:  The 
subject  of  Section  G  was  Military  and  Naval  Engineering,  and  it  was 
one  not  to  lead  us  to  expect  a  very  large  attendance,  and  in  that  our 
expectations  were  realized,  but  I  wish  to  say  that  while  we  were  not 
great  in  numbers,  that  the  men  of  brain  were  there.  Very  few  of  the 
authors  of  papers  were  present,  and  we  had  many  papers  in  our  Sec- 
tion on  all  its  subjects  and  it  was  truly  an  international  Section,  and 
we  had  papers  not  only  from  men  of  our  own  Society  and  civil  engi- 
neers of  the  United  States,  but  we  also  had  several  interesting  papers 
from  England,  Japan,  France  and  Bussia,  so  that  I  think  we  may  make 
olaim  that  our  Section  was  an  international  one.  We  regretted  the  ab- 
sence of  the  gentlemen  whose  names  you  find  upon  this  programme, 
•especially  Lieut. -Col.  Holden,  of  the  Boyal  Artillery  of  England,  and 
also  Admiral  Endicott,  from  whom  we  expected  a  paper  and  whose 
presence  we  also  expected,  but  he  neither  came  nor  gave  us  a  paper, 
at  which  we  were  greatly  disappointed. 

The  proceedings  of  the  Section  were  opened  by  the  consideration  of 
the  subjects  of  Fortifications  and  Ordinance.  We  had  a  very  excellent 
paper  on  fortifications  from  one  of  our  army  engineers.  Major  Goethals, 
who  could  not  be  present,  and  there  was  no  discussion.  There  was  an 
excellent  paper  also  on  Ordnance  read  by  Capt.  Burr,  of  the  Ordnance 
Department  of  the  Army,  who  presented  his  paper  and  precipitated  a 
very  interesting  discussion.  The  principal  paper  on  Naval  Architecture 
was  by  Sir  William  White,  and  there  was  also  an  admirable  paper 
oompiled  at  the  University  of  Tokio,  the  authors  of  which  were  four  of 
the  professors  of  that  institution.  *  None  of  them  was  present,  however, 
which  we  very  much  regretted. 

On  the  subject  of  Marine  Engineering,  we  had  an  admirable  paper 
from  Professor  Durand,  of  Cornell  University,  and  an  exceedingly 
interesting  one  in  French  from  M.  Daymard,  £ngineer-in-Chief,  of  the 
Trans-Atlantic  Company,  of  France.  His  paper  was  of  exceeding 
interest. 

Upon  the  subject  of  Lighthouses  and  Other  Aids  to  Navigation,  we 
had  a  number  of  printed  papers,  one  by  Lieut. -Col.  Lock  wood. 
Engineer  Secretary  of  the  Lighthouse  Board,  in  Washington.  We 
had  also  a  paper  from  an  English  engineer,  Mr.  Thomas  Matthews,  of 
Trinity  House,  London,  and  also  an  interesting  and  instructive  work 
from  M.  C.  Bibiere,  Ingenieur  en  Chef  des  Ponts  et  Chauss^s,  Ingen- 
ieur  en  Chef  du  Service  Central  des  Phares  et  Balises,  France. 

Upon  the  subject  of  Dry  Docks,  we  had  three  papers,  one  from 
Mr.  Cnthbert  A.  Brereton,  of  London,  one  from  M.  Paul  Joly,  of 
France,  and  another  from  Mr.  Timonoff,  of  Bussia.  None  of  the 
authors  of  these  papers  was  present.  The  discussion  of  all  the  papers 
was  exceedingly  interesting.  It  shows  that  the  men  who  wrote  them 
were  men  who  knew  what  they  were  writing  about.     They  presented 
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their  subjects  in  an  interesting  way,  bnt  in  a  way  to  give  information 
bringing  ont  the  salient  points  for  onr  consideration,  and  the  discns> 
sion  was  most  interesting,  although  indulged  in  by  a  few.  As  I  said 
before,  our  numbers  were  not  great.  On  the  whole,  I  am  sure  the 
perusal  of  these  papers  will  be  interesting  to  civil  engineers,  as  well 
as  to  naval  engineers. 

In  conclusion,  I  wish  to  say  that  we  were  especially  favored  in  thia 
Section  by  having  with  us  at  every  session,  and  during  almost  the 
whole  of  each  session,  a  gentleman  whose  specialties  brought  him  to 
us,  and  his  presence  was  a  source  of  great  pleasure  and  profit  to  us» 
I  refer  to  our  distinguished  confrere,  that  eminent  engineer  and  most 
charming  English  gentleman,  Bir  William  H.  White.     (Applause.) 

Thb  Pbesidbnt. — ^The  next  Section  H,  was  presided  over  by  Mr. 
Chanute. 

Mb.  Chanute. — Gentlemen,  it  fell  to  my  lot  to  preside  over  a  rather 
miscellaneous  section,  and  that  illustrated  very  well  the  wide  scope 
occupied  by  the  American  Society  of  Civil  Engineers.  The  attendance 
was  not  large,  varying  from  eighteen  to  twenty-seven  members,  but 
they  were  truly  international.  We  had  visitors,  who  took  part  in  the 
discussion,  from  Great  Britain,  British  Columbia,  India,  Switzerland* 
Sweden,  Japan  and  one  or  two  other  countries  which  I  cannot  locate 
without  the  Secretary's  notes.  The  papers  were  first  on  Irrigation. 
On  that  we  had  five  papers  and  a  number  of  written  discussions  on 
those  papers,  originating  in  France,  Holland  and  Egypt,  and  covering 
an  account  of  the  present  situation  on  the  art  which  is  becoming  of 
greater  and  greater  importance  in  the  United  States,  and  an  account 
of  what  has  been  done  in  Java,  Japan,  the  Hawaiian  Islands  and  in  In- 
dia.  The  discussions  were  instructive,  and  will  add  considerably  to 
the  fund  of  knowledge  on  the  subject.  This  took  up  the  first  day. 
The  second  day  we  had  papers  on  Highway  Construction,  Foundationa 
and  Mining  Engineering,  which  likewise  created  a  very  interesting 
discussion.  On  the  third  day  we  had  papers  on  Engineering  Educa- 
tion. In  these  we  were  favored  with  a  number  of  accounts  of  what  ia 
being  done  in  this  country  and  abroad,  and  were  favored  with  a  most 
interesting  talk  from  Bir  William  White.  We  also  took. up  on  that  day 
Surveying,  on  which  there  was  some  discussion.  The  exact  data  will 
be  furnished  by  the  Secretary.  In  the  course  of  our  discussion  it  be- 
came apparent  there  were  two  points,  not  provided  for  as  yet  by  the 
rules,  which  it  was  desirable  to  bring  to  the  attention  of  the  Conven- 
tion and  of  the  American  Society  of  Civil  Engineers.  The  first  was  in 
respect  to  the  different  methods  that  are  adopted  in  the  various  coun- 
tries for  the  measurement  of  irrigating  water.  In  some  countries  the 
unit  is  the  miner's  inch  and  in  some  others  it  is  acre-feet,  and  the 
meeting  passed  a  resolution  suggesting  that  the  American  Society  of 
Civil  Engineers  should  open  communication  with  engineering  societiea 
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in  other  parts  of  the  world,  in  order  to  secure  if  possible  some 
uniform  system  of  measurement  of  irrigating  water  and  the  rules 
which  are  applicable  to  it.  Again,  it  would  seem  that  there  were  a 
:great  many  things  that  might  subsequently  occur  to  the  members  in 
attendance  which  they  might  wish  to  express,  and  it  was  the  desire  of 
:those  meetings  at  which  discussion  of  the  various  subjects  brought  up 
might  be  admitted  before  the  final  publication  of  the  report  of  the 
Convention,  and  that  the  Secretary  should  announce  some  time 
l>eyond  which  no  such  written  reports  could  be  received.  That,  I  be- 
lieve, is  substantially  what  was  done  by  Section  H. 

The  Ohaibman. — The  Secretary  of  the  Congress,  Mr.  Hunt,  will 
now  make  a  general  report. 

Seobetaby  Hunt. — I  think  perhaps  it  is  better,  Mr.  President,  to 
:answer  Mr.  Chanute's  question  at  once,  and  to  give  notice  that  written 
•discussions  from  engineers  in  America  will  be  received  up  to  the  first 
-of  December,  and  not  after  that,  for  incorporation  with  the  papers  in 
-the  published  proceedings  of  the  Congress,  and  that  all  discussions 
Teceived  from  the  other  side  before  the  first  of  January,  1906,  will  be 
4iccepted  for  publication. 

The  programme  as  announced  at  the  first  meeting  and  issued  to 
uiembers  of  the  Congress  has  been  carried  out,  and  after  the  first,  or 
opening,  meeting,  the  Congress  divided  into  eight  Sections. 

There  have  been  28  meetings  of  these  Sections,  and  the  average  at- 
-tendance  at  each  of  these  meetings  was  about  50. 

In  the  discussion  of  the  38  selected  subjects,  97  formal  papers 
written  by  prominent  engineers,  by  special  invitation,  were  presented. 
Eighty-four  of  these  papers  were  in  type  at  the  time  of  the  opening  of 
iihe  Congress,  and  had  already  been  distributed  for  the  purpose  of 
eliciting  discussion. 

In  addition  to  these  formal  papers,  78  communications  were  pre- 
-sented  to  the  Sectional  meetings  written  by  engineers  who  were  unable 
to  be  present,  and,  in  addition  to  this,  there  were  272  oral  discussions 
4it  the  meetings.  All  of  the  latter  have  been  stenographically  re- 
ported, and,  after  they  have  been  submitted  to  each  speaker  for  cor- 
rection, will  be  collated  and  published,  together  with  the  papers,  and 
issued  to  all  members  of  the  Congress. 

The  volume  of  the  product  of  this  Congpress  will  be  quite  large.  A 
lairly  conservative  estimate  indicates  that  the  proceedings  of  the  Con- 
gress will  cover  some  3  500  pages  of  type,  or  6  full  volumes  of  the 
Transactions  of  the  American  Society  of  Civil  Engineers. 

The  total  membership  of  the  Congress  is  between  3  400  and  8  500. 

As  to  its  International  character  it  may  be  stated  that  in  the  formal 
-papers  presented,  as  well  as  in  the  78  written  communications  before 
mentioned,  11  foreign  countries  are  represented,  and  furnished  about 
B0%  of  all  papers  received. 
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In  this  connection,  an  analysis  of  the  total  attendance  at  the  Con- 
gress maj  be  interesting.  The  total  nnmber  of  members  and  ladies 
of  their  families  registered  was  876,  distributed  as  follows: 


I^orth  America: 

Canada 9 

Cuba 4 

Mexico 4 

United  States 724 

8onth  America: 

Argentine. 7 

Brazil 2 

Chile 1 

Earope: 

Austria 3 

Denmark 2 

France 4 

Pinland 5 

Oerman  J 9 

Holland 1 

England 70 

Ireland 1 

Scotland. 2 

Hungary 3 


Europe  (continued). 

Bussia. 

Sweden 

Switzerland 


2 


111 


741 


10 


Asia: 

India 5 

Japan 4 

Malay  States 1 

Australasia: 

New  South  Wales.  3 

Victoria 1 


10 


876 


SXTMHABT. 

North  America. 741 

South  America 10 

Europe Ill 

Asia 10 

Australasia 4 


876 


There  has  been  little  time  to  prepare  a  detailed  report  of  the  work 
accomplished  by  the  Congress,  but,  from  what  has  been  said  by  the 
Ohairmen  of  the  various  Sections,  and  from  the  figures  just  giyen, 
it  seems  safe  to  presume  that  the  result  will  be  of  such  value  to  the 
Profession,  both  at  home  and  abroad,  that  neither  the  American  So- 
ciety  of  Civil  Engineers  (which  has  inaugurated,  financed,  and  carried 
it  out)  nor  those  engineers  who,  by  contributing  papers  and  discus- 
sions, or  by  their  presence  at  the  meetings,  have  made  this  result 
possible,  will  ever  regret  their  participation. 

Pbssidbnt  Hbbmant. — The  Congress  will  now  have  the  privilege 
of  listening  to  some  remarks  from  our  distinguished  guest.  Sir  William 
H.  White,  Pres.  Inst.  C.  E. 

Sib  William  H.  Whitb. — Mr.  President,  Ladies  and  Gentleman:  I 
think  the  words  with  which  the  Secretary  concluded  his  general  re- 
port err  on  the  side  of  modesty,  and  that  is  the  right  kind  of  an  error 
to  make,  especially  when  engineering  is  concerned. 

I  am  to  some  extent  an  outsider  in  this  matter,  although  I  do  not 
reckon  myself  an  outsider  where  the  American  Society  of  Civil  En- 
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gineen  is  concenied;  bnt  looking  on  as  one  who  has  had  nothing 
whatever  to  do  with  the  organization  of  this  Gongreas,  bnt  who  has 
yery  large  experience  in  meetings,  not  merely  in  Great  Britain,  bnt  of 
international  character,  there  and  elsewhere,  I  am  happy  to  say,  that 
neither  in  conception  nor  in  conduct,  nor  in  organization,  nor  in  the 
character  and  scope  of  the  papers  printed  and  the  subjects  dealt 
with,  and  the  standing  of  their  authors,  nor  in  the  discussions, 
written  and  oral,  which  followed  upon  the  reading  of  those  papers  has 
this  Congress  any  need  to  fear  comparison  with  any  Engineering  Ck>n- 
grees  that  has  ever  been  held. 

In  saying  that,  I  have  no  intention  to  make  compliments.  I  am 
stating  that  which  I  believe  to  be  simply  the  truth,  and  I  heartily 
congratulate  the  American  Society  of  Civil  Engineers  and  the  Special 
Committee  which  undertook  the  organization  of  this  Congress,  and 
you,  Sir,  as  President  of  the  Congress  (turning  to  President  Hermany), 
for  your  conduct  of  its  affairs,  its  meeting  at  the  beginning  and  now 
at  its  close;  and  last,  but  not  least,  to  the  Secretary  of  the  American 
Society  of  Civil  Engineers  (Applause),  upon  whom  and  upon  whose 
staff  has  necessarily  fallen  the  great  burden  of  the  work,  both  in 
preparation  for,  and  in  carrying  out  this  great  scheme.  I  do  most 
heartily  congratulate  all  concerned  upon  its  unmixed  and  remarkable 
success. 

I  am  sure  that  the  volumes  of  your  Proceedings  when  published 
will  be  of  the  greatest  value  to  the  Engineering  Profession  everywhere, 
and  they  will  mark  for  all  time  the  standing  of  the  various  branches  of 
eng^eering  in  this  year  of  1904;  and  the  fact  that  out  of  the  total  papers 
contributed  about  one-half  have  come  from  countries  other  than  the 
United  States,  I  think  you  will  agree  with  me,  will  enhance  the  value 
of  the  Proceedings;  for  although  it  is  perfectly  true  that  the  enormous 
extent  of  this  great  country  and  the  many  problems  that  it  offers, 
problems  of  the  greatest  difficulty  and  variety,  for  solution  by  the 
engineer — that  while  the  United  States,  as  I  say,  necessarily  shows 
up  in  bulk  most  largely  in  the  proceedings  of  this  Congress,  yet  you 
will  all  agree  that  in  the  rest  of  the  world  there  ought  to  be  found 
lessons  of  greatest  value  and  works  that  are  of  enormous  interest  as 
suggesting  to  you  American  engineers  possibilities  of  either  varying 
or  enlarging  your  practice,  and  which  you  will  consider  to  be  of  use. 

It  is  matter  of  gre&t  satisfaction  to  me,  Sir,  that  on  this  occasion 
Great  Britain,  that  is,  I  should  say  tlie  British  Empire,  has  been  so 
well  represented.  In  the  classification  which  has  been  given  by  the 
Secretary,  we  have  heard  of  those  who  came  from  England,  and  Scot- 
land, and  Ireland,  and  Australasia  and  India;  but  we  know  no  such 
subdivision.  The  British  Empire  is  one  and  indivisible.  British 
subjects,  wherever  they  live,  are  British;  and,  although  there  are 
these  geographical  distinctions,  I  ask  you  to  consider  that  at  this 
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Congress  the  British  Empire  has  been  represented  in  a  way  that  I 
tmst  you  will  think  worthy  of  that  intimate  connection  which  we 
have  and  always  cherish  with  you  on  this  side  of  the  water.  (Ap- 
plause.) 

At  the  beginning  I  spoke  of  the  fact  that  the  Institution  of  Civil 
Engineers  had  for  the  first  time  in  its  history  made  an  outing  and 
taken  part  officially  in  an  International  Congress.  We  did  that,  as  I 
then  said,  in  order  to  mark  the  high  distinction  in  which  our  Institu- 
tion holds  the  American  Society  of  Civil  Engineers.  We  could  do  no 
more. 

I  think  I  find  myself  to-day  the  sole  survivor  of  the  British  Section 
of  the  Congress.  I  look  about,  and  I  think  I  see  no  other  Englishman 
here— and  we  speak  of  Englishmen  as  representing  the  whole  British 
Empire.  I  think  I  see  no  one  here;  but  whether  this  be  so  or  not,  let 
me  at  the  end  say  what  I  said  at  the  beginning,  that  you  have  no  truer 
friends  and  no  more  interested  colleagues  than  those  of  us  who  come 
liere  to  represent  that  old  institution,  the  Institution  of  Civil  Engi- 
neers.    (Applause.) 

I  have  been  chiefly  engaged  under  the  friendly  and  kindly 
guidance  of  General  Craighill  in  Section  G.  There  seems  to  be  a  sort 
of  fate  that  I  should  be  in  Section  G.  I  have  been  President  of  Sec- 
tion G  in  the  British  Association,  and  now  I  find  myself  a  private  in 
this  division  here.  But  while  my  time  has  been  chiefiy  spent  there  I 
have  also  appeared,  as  you  have  heard,  in  Sections  D  and  H;  and  as  far 
as  my  experience  goes,  there  has  been  an  equal  interest  in  all  the  sec- 
tions to  that  which  we  found  to  exist  in  Section  G.  In  Section  D  we 
had  when  I  was  present  a  very  keen  but  still  friendly  discussion  on 
one  of  these  burning  subjects  that  concern  the  treatment  of  Steel. 
Then  Ve  passed  to  Timber  and  Cement,  and  I  had  nothing  to  say; 
but  I  was  asked  by  one  gentleman — I  think  he  was  concerned  with  the 
manufacture  of  cement— if  we  did  not  use  large  quantities  in  our 
ships.  I  told  him  we  used  bitu-mastic  cement,  when  we  used  it,  and 
we  used  as  little  as  ever  we  could.  We  hope  to  come  to  the  time  when 
we  will  use  none.  I  know  that  does  not  represent  the  future  of  cement 
in  engineering  generally,  but  it  represents  what  we  aim  at  in  ship 
structures,  for  we  want  to  carry  as  little  as  we  can  of  anything  that 
does  not  contribute  to  structural  strength,  and  to  arrange  as  best  we 
can  to  secure  protection  and  durability  under  these  conditions. 

Now,  if  I  may  say  a  word  as  a  naval  architect,  I  should  say  that  we 
who  have  to  build  the  floating  structures  that  have  to  sustain  stresses 
arising  from  conditions  that  it  is  impossible  to  forecast  or  accurately 
measure,  we  look  at  our  brothers,  the  other  civil  engineers,  who  found 
their  structures  on  the  solid  earth,  with  something  like  envy.  If  you 
gentlemen  had  to  float  some  of  the  things  that  you  build,  they  would 
be  very  different  from  what  they  are.  (Laughter  and  Applause.)    And 
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when  I  look  aboat,  as  I  do  often,  and  see  what  ample  margins  are 
quite  reasonably  provided,  I  sometimes  wish  that  the  density  of  sea 
water  was  greater  than  it  was  made  to  be. 

And  then  I  want  to  say  a  word  abont  one  allnsion  which  my  friend^ 
Mr.  Moore,  made  to  modes  of  transit.  It  strikes  me,  yon  know,  that  he 
has  perhaps  made  a  claim  that  cannot  be  substantiated.  He  said  that  the 
reason  they  finished  so  qnickly  in  his  Section  was  that  railways  were  the 
most  rapid  mode  of  transit.  I  believe  that  that  correctly  represents  his 
statement.  Now  I  am  going  to  take  exception  to  that.  Do  yon  know 
that  ships  are  crossing  the  Atlantic  at  this  date  at  as  nearly  as  great  an 
average  speed  as  any  train  crosses  the  American  Continent — and  they 
are  going  uphill  all  the  time?  Not  np  and  down,  not  with  the  engine 
having  an  easy  time  when  going  down  a  gradient ~ no,  it  is  collarwork 
all  the  time;  and  sometimes  when  I  have  been  at  sea  and  felt  the  tremor 
as  the  engine  forced  the  vessel  through  the  waves,  it  has  seemed  to  me 
as  if  the  ship  was  almost  a  sentient  thing.  Gentlemen,  we  are  all  apt 
to  be  proud  of  the  particular  work  with  which  we  are  concerned,  but 
I  ask  you  to  remember  that,  if  things  go  well,  in  about  two  years  there 
will  be  afloat  upon  the  Atlantic,  ships  with  which  I  am  personally  con- 
cerned which  are  to  cross  at  a  mean  speed  of  twenty-nine  statute  miles 
per  hour.  (Applause.)  So  I  say  to  Mr.  Moore,  do  not  let  us  take  the 
down-hill  rate  of  going,  but  let  us  consider  the  average,  and  while  we 
admire  all  that  can  be  done  on  railroads,  do  not  let  us  think  that 
transit  by  water  is  yet  played  out,  for  it  is  not. 

Now,  Ladies  and  Qentlemen,  all  good  things  come  to  an  end.  It 
is  four  weeks  to-day  since  I  landed  in  New  York.  It  seems  an  age.  I 
have  done  and  seen  such  things  as  never  before.  I  have  made  such 
multitudes  of  friends  that  really  sometimes  I  am  ashamed  to  say  I  do 
not  recollect  them  all — not  individually,  you  will  understand,  going 
from  place  to  place,  being  everywhere  received  with  kindness  and  with 
such  generous  hospitality,  being  treated  in  so  princely  a  fashion;  car- 
ried over  enormous  distances  and  shown  great  works  in  rapid  succes- 
sion; you  will  understand  that  one  has  only  a  sort  of  general  impression 
remaining — a  general  impression  of  such  kindness  as  can  never  be 
forgotten. 

Well,  my  friends  are  gone — and  I  stand  here  alone.  (Here  Sir  Will- 
iam showed  evidences  of  emotion.)  I  want  to  say,  we  shall  never 
forget  this  visit,  we  will  never  forget  your  kindness.     (Applause.) 

Genebaij  CnAiGHiiiL,  Past-Pbesident,  Am.  Sog.  C.  E.  —  Mr.  Chair- 
man, can  I  say  just  one  word?  I  am  sure  that  we  will  never  forget  Sir 
William  White.    (Applause.) 

Pbbsibemt  Hbruany:  Gentlemen,  we  will  continue  our  concluding 
proceedings  by  calling  upon  the  foreign  gentlemen  who  are  members 
of  this  Congress  to  make  such  addressee  on  this  occasion  as  they  may 
feel  inclined  and  moved  by  the  occasion  to  do. 
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I  cannot  call  them  bj  name,  but  we  will  be  glad  to  hear  from  any 
foreign  member  of  the  Congress  who  desires  to  address  this  assembly. 

Mb.  Eabii  p.  DahxjStbom. *  — Mr.  President,  Ladies  and  Gentlemen: 
Daring  the  holding  of  this  International  Congress,  qnite  a  number 
of  countries  have  been  represented  at  the  general  meetings,  but  as  jet 
there  is  one  country  that  has  not  been  represented.  We  are  here,  a 
handful  of  ODgineers,  from  a  country  which  has  largely  contributed 
to  the  development  of  this  Louisiana  Purchase  Territory  by  sending 
hundreds  and  thousands  of  workers  to  toil  and  to  break  ground.  I 
refer  to  Sweden.     (Applause.) 

We  are  not  here  as  representatives  of  those  workers.  We  are  here 
representing  the  leading  Swedish  Society  of  Engineers,  and  we  wish 
to  thank  the  members  of  the  American  Society  of  Civil  Engineers,  and 
the  Managers,  for  their  kindness  in  extending  an  invitation  to  us. 

We  have  attended  the  meetings  with  great  interest,  I  assure  you. 
It  is  to  be  regretted  that  no  papers  were  presented  to  the  Congress 
originally  from  our  country,  for  our  specialists,  for  reasons  best 
known  to  themselves,  have  omitted  to  send  any  papers;  but  I  can 
assure  you  that  that  is  not  due  to  any  lack  of  interest  on  their  part. 
Distance  may  have  had  something  to  do  with  it,  as  well  as  the  fact 
that  Sweden  is  located  somewhat  out  of  the  way  of  the  main  thorough- 
fares of  the  commerce  of  the  world;  but  engineering  in  Sweden  is 
going  on  at  a  lively  pace,  equal  to  that  in  this  country.  We  are  de- 
veloping our  manufactures.  Everybody  knows  the  high  quality  of  our 
iron  and  steel. 

We  are  developing  our  railroads.  We  have  extended  our  railroads 
through  the  northernmost  parts  of  our  country,  and  you  can  now 
travel  from  the  south  of  Sweden  away  up  to  the  Midnight  Sun  in  Lap- 
land, at  a  very  comfortable  rate . 

We  have  in  Sweden  something  that  you  have  not  anywhere  else 
in  the  world;  we  have  an  institution  that  rewards  inventors  and 
scientists,  regardless  of  their  nationality,  for  their  achievements  for 
the  beaefit  of  mankind.     I  refer  to  the  Institute  Nobel. 

As  I  say,  I  regret  that  Swedish  experience  has  not  been  more 
largely  represented  at  this  Congress,  but  I  hope  that  as  the  inter- 
national work  of  these  Congresses  goes  on  there  will  be  a  more  intim- 
ate intercourse  between  the  Swedish  and  the  American  engineering 
societies.  It  has  been  suggested  by  previous  Congresses  that  there 
should  be  formed  an  international  engineering  society,  and  there  were 
people  who  worked  very  hard  to  bring  this  about,  but  I  suppose  the 
idea,  like  many  bright  ideas,  was  premature.  It  came  too  early.  Tet 
it  may  be  realized,  and  there  may  be  other  ideas  realized  before  that, 
perhaps  some  international  engineering  journal,  or  something  to  that 
e£Fect,  that  might  bind  the  engineers  of  all  nations  together. 

It  may  be  that  perhaps  at  some  future  time  this  International  Engi- 
*  Royal  Patent  Office,  Stockholm,  Uweden. 
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peering  CongreBS  may  deem  it  expedient  to  convene  in  onr  beantifnl  capi- 
tal in  Sweden;  and  I  assure  yon  that  if  this  should  happen  at  any  time, 
or  before  that  time  if  any  members  of  this  American  Society  of  Civil  En- 
giners  should  find  their  way  to  Sweden  and  wish  to  study  any  of  our 
eng^eering  works,  just  call  on  your  Secretary,  Mr.  Hunt,  for  our  ap- 
dress  in  Stockholm,  and  I  guess  we  will  find  means  to  put  you  straight 
and  show  you  something,  and  you  will  be  more  than  cordially  welcome. 

Pbbsident  Hermant. — A  representative  from  Switzerland  is  pres- 
ent.    Will  the  gentleman  have  the  kindness  to  address  this  meeting  ? 

Mb.  Fbancoib  Sghui^e,  Zurich,  Switzerland. — As  a  member  of  the 
International  Engineering  Congress,  I  want  to  thank  the  American  So- 
ciety of  Civil  Engineers  for  orga][^izing  this  Congress,  and  to  state  my 
belief  that  there  has  not  been  any  other  great  technical  congress  or- 
ganized without  the  support  of  the  State  and  initiated  by  a  private  so- 
ciety such  as  this;  and  I  must  felicitate  the  Society,  its  President,  and 
Secretary,  for  the  complete  success  that  has  attended  their  efforts. 
This  Congress  will  give  to  every  engineer  many  new  ideas  with  respect 
to  the  science  of  civil  engineering.  In  conclusion,  I  can  only  add  my 
tribute  to  that  which  was  offered  by  Sir  William  White  in  his  remarks 
this  morning. 

President  Hbrmany. — Will  the  gentleman  from  Austria  address 
the  meeting? 

Mr.  O.  F.  Schomberoer,  Vienna,  Austria. — Mr.  Chairman,  Ladies 
and  Gentlemen:  When  I  started  from  Europe  to  attend  this  meeting  I 
expected  to  find  a  great  many  of  the  Austrian  engineers  at  the  Con- 
gress; but  the  time  was  not  very  convenient  for  them  and  therefore  I 
have  met  only  very  few  here.  Since  my  arrival  in  America,  during 
these  few  weeks,  I  have  seen  and  learned  so  much  and  have  enjoyed  so 
much  hospitality,  and  formed  so  many  friendships,  that  I  am  sure  that 
the  Austrian  engineers  will  greatly  regret  that  they  did  not  c6me  in 
great  numbers.  In  the  name  of  the  few  who  attended  I  thank  the 
American  Society  of  Civil  Engineers  for  their  hospitality,  and  I  hope 
and  believe  that  when  your  members  come  to  Austria  that  the  members 
of  the  Austrian  Society  of  Engineers  and  Architects  will  extend  to  you 
the  same  reception  that  has  been  given  us  here,  which  has  been  most 
cordial  and  courteous. 

President  Hbrmany.— We  will  now  hope  to  hear  from  Mr.  Bach- 
metew,  of  Russia. 

Mb.  B.  Bachmetew,  St.  Petersburg,  Russia.— Mr.  Chairman,  Ladies 
and  Gentlemen:  In  several  minutes  the  Congress  will  be  closed  and 
the  engineers  from  all  the  world  who  have  convened  here  for  about  a 
week  will  go  back  to  their  respective  countries.  During  the  past  week 
they  have  discussed  many  subjects  of  great  engineering  interests. 
They  have  not  only  looked  ten  years  back,  but  as  was  well  expressed 
by  the  chairman  of  the  Mechanical  Section,  Mr.  Haines,  they  have 
looked  forward. 
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I  am  sure  that  these  engineers  of  all  conntries  who  are  going  to 
return  to  their  homes  will  take  with  them,  not  only  that  interest  which 
has  come  to  them  as  members  of  the  Engineering  Congress,  but  I  am 
quite  sure  that  thej  will  take  with  them,  and  will  express  to  their 
friends,  the  engineers  of  their  own  countries,  a  sense  of  the  sincerity 
and  great  hospitality  that  they  have  received  here  from  their  American 
confreres,  especially  those  represented  by  the  American  Society  of 
Civil  Engineers. 

President  Hermanv.  —May  we  now  hear  from  the  representative 
from  Holland? 

Mb.  R.  a.  van  Sandick.* — Mr.  President,  Ladies  and  Gentlemen: 
As  I  am  the  only  representative  from  my  country  in  attendance,  I  winh 
to  speak  a  few  words  in  testimony  of  the  services  that  my  country  has 
rendered  to  the  engineering  profession  in  general;  for  instance,  we 
made  our  dikes  and  effected  our  land  reclamation  even  before  America 
was  discovered.  Our  irrigation  and  our  reclamation  societies  are  as 
old  as  the  oldest  communities  in  Europe,  and  that  means  that  we  have 
had  an  engineering  experience  of  some  centuries. 

But  now  I  am  here  in  your  country,  and  I  have  been  received  by 
the  American  engineers  with  a  cordiality  that  I  will  never  forget,  and 
my  only  regret  is  that  I  have  not  been  present  at  every  session  of  this 
International  Engineering  Congress.  The  reason  that  I  have  not  is 
because  I  have  been  admiring  your  railway  system  between  California 
and  St.  Louis,  having  been  detained  by  a  wash-out  that  held  us  back 
four  days.  On  that  account  it  has  required  more  time  to  make  the 
trip  from  San  Francisco  to  St.  Louis  than  it  would  take  to  go  from 
Holland  to  New  York.     (Laughter.) 

I  want  to  say  that  you  have  quite  a  different  system  of  building 
railways  in  the  West  than  prevails  in  the  East.  I  believe  that  you 
make  your  railways  as  simple  as  is  possible;  and  I  think  you  ought  to 
raise  money  from  your  railways,  and  from  the  money  that  you  raise 
you  ought  to  improve  them.  You  have  a  business-like  system  of 
building  railways,  and  the  same  kind  of  a  business-like  system  in  the 
building  of  dikes  in  California  We,  however,  in  Europe,  do  not  look 
so  much  after  the  business  part,  at  least  we  are  not  so  money-making. 
We  build  our  dikes  for  eternity.  (Applause.)  And  in  the  same  man- 
ner that  we  build  our  dikes,  so  we  build  our  railways.  I  would  advise 
you  also  to  follow  our  example  and  to  build  also  for  eternity.  For 
your  country  is  new,  but  it  wiU  last  for  eternity,  and  therefore  you 
should  build  your  railways  and  engineering  works  for  eternity. 

What  I  saw  in  America,  what  1  saw  in  California,  what  I  have  seen 
iu  this  great  World's  Fair,  and  what  I  have  seen  of  the  American 
Society  of  Civil  Engineers,  I  had  never  supposed  existed  in  the  world. 

*  Oenerai  Secretary  of  the  Royal  Institutioa  of  Netherlands,  Enf^ixieeiB,  The  Hague* 
Holland. 
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When  our  engineen  neglect  to  yisit  America  I  am  snre  that  they  know 
only  a  portion  of  the  engineering  bnaineeii,  and  that  a  yerj  small  por- 
ion — a  very  small  portion.     ( Applause. ) 

Now  Ladies  and  Grentlemen,  I  want  to  say  that  when  yonr  people 
come  oyer  to  Europe,  when  yonr  engineers  come  to  Europe,  yon  go, 
of  course,  to  Germany,  yon  go  to  England,  yon  go  to  France;  and 
when  yon  come  to  Holland  yon  see  only  the  old  pictures,  you  see  the 
CTidence  of  the  so-called  Golden  Century  of  our  People;  but  I  Tenture 
to  say  that  we  are  not  yet  dead — ^we  are  still  alive  engineering  people. 
(Applause.) 

It  is  true  that  art  is  a  fine  thing,  but  industry  and  engineering 
business,  I  am  proud  to  say,  are  alive  in  Holland,  and  for  that  reason 
when  you  come  to  Holland  do  not  forget  the  Boyal  Institution  of 
Netherlands  Engineers,  of  which  I  am  the  Secretary-General.  You 
can  find  at  my  office  all  sorts  of  things,  and  1  can  advise  you,  if  you 
want  to  see  very  interesting  things  in  a  small  country. 

PsESiDBNT  BxRUAKi. — We  will  be  pleased  to  hear  from  Mr.  T. 
Shima,  of  New  York  City,  representing  Japan. 

Mb.  T.  Shuca,  New  York  City.^Mr.  President,  Ladies  and  Gentle- 
men :  I  have  never  before  been  so  interested  and  pleased  in  attending 
such  a  big  society  of  engineers  from  all  parts  of  the  world.  I  am  the 
engineer  of  the  government  railways  of  Japan  and  am  very  much  in- 
terested in  American  railroad  methods.  I  have  been  nearly  one  year 
in  this  country  studying  along  that  line,  and  I  have  been  at  this  meet- 
ing so  interested  and  so  happy  as  never  before  in  my  life. 

You  know  my  country  is  small,  having  only  ten  thousand  square 
miles  of  area  and  it  is  also  narrow. 

The  railway  system  is  poor,  but  we  have  three  parallel  lines  aloDg 
the  island.  I  think  many  of  the  engineers  would  be  interested  in  vis- 
iting my  country  and  inspecting  our  little  system.  We  have  dining 
cars,  sleeping  cars  and  just  the  same  system  as  in  America.  We  have 
docks  and  large  harbors.  We  have  water-works  and  other  engineering 
works  that  would  interest  visitors.  We  are,  now,  as  you  know,  under 
difficulties  as  great  as  at  any  time  during  the  twenty -five  hundred  years 
since  our  foundation;  but  we  are  trying  to  push  our  railway  engineer- 
ing works  as  energetically  as  before  our  difficult  war.  I  wish  to  express 
my  best  wishes  for  the  future  prosperity  of  the  American  Society  of 
Civil  Engineers. 

President  Hbbmant. — Our  distinguished  g^est,  Sir  William  White, 
desires  to  say  a  word  of  adieu.  He  will  do  it  in  his  own  admirable 
way. 

Sib  Wjjjaau  H.  Whitb. — ^Ladies  and  Gentlemen,  I  must  go  now. 
I  want  to  say  good-bye.  Perhaps  in  England  I  may  meet  many  of  you 
again.  We  did  our  best  to  welcome  you  before.  This  Congress  proves 
that  you  valued  our  feeble  attempt,  and  I  hope  that  you  will  come 
again.     So  I  say  not  "Good-bye,"  but  **  An  revoir." 
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Pbesident  Hbbmany.— Are  there  other  gentlemen  present  who  de- 
-aire  to  address  the  meeting?  We  have  not  heard  from  France.  Is 
there  not  a  gentleman  from  that  country  who  desires  to  address  ns? 
(There  was  no  response.) 

President  Hermany  then  oontinned: 

*'  Ladies  and  Gentlemen,  at  the  close  of  this  session  of  the  General 
Intemational  Engineering  Congress,  I  would  say  that,  judging  from 
the  character  of  the  addresses  we  have  listened  to  this  morning,  one 
might  reasonably  have  some  doubt  as  to  whether  this  is  an  opening  or 
A  closing  session.  Judging  from  the  extraordinary  interest  manifested 
■and  the  number  of  persons  present,  the  same  interest  is  unmistakably 
evident  now  as  upon  the  first  morning  of  this  week  when  we  assembled 
here.  I  am  constrained  to  say,  after  having  looked  into  the  counten- 
ances of  the  people  then,  and  now  again  looking  into  your  counten- 
ances, I  see  a  depth  of  interest  that  bespeaks  a  devotion  to  the  cause 
or  profession  of  engineering  that  I  may  say  is  evidenced  by  not  a  single 
passive  brain  in  this  assembly. 

There  is  not  a  countenance  here  that  exhibits  the  slightest  degree 
of  inertness.  This  it  has  never  been  my  privilege  to  have  witnessed 
before,  as  I  do  upon  this  occasion,  and  as  was  manifest  upon  the  first 
momiDg  of  our  assembly. 

In  closing  this  Second  Intemational  Congress  held  on  American 
soil  there  remains  but  little  to  say.  Much  has  been  said  to  the  point. 
The  success — ^the  eminent  success,  which  it  has  attained  is  a  matter 
for  rejoicing  and  congratulation  of  us  all. 

It  is  perhaps  a  little  bold  to  say  it,  but  from  my  viewpoint  and 
from  my  intercourse  with  members  attending  this  Congress,  I  feel 
justified  in  saying,  that  when  its  work  shall  have  been  compiled  and 
published  it  will  establish  the  fact  that  the  work  accomplished  here 
will  Dot  rank  second  to  that  of  any  preceding  Intemational  Engineer- 
ing Congress. 

I,  therefore,  heartily  congratulate  you  upon  the  work  that  has 
been  done  here.  As  was  said  in  the  opening  address  on  Monday,  the 
acquisition  of  the  Louisiana  Territory  by  peaceful  diplomacy  finds  a 
most  remarkable  expression  in  this  grand  exposition,  the  centennial 
commemoration  of  that  event — the  grandest  centennial  the  world  has 
ever  had. 

The  acquisition  of  this  territory  formed  an  epoch  in  our  national 
history.  Is  it  venturing  too  far  to  say  that  this  Intemational  En- 
gineering Congress  will  prove  to  be  an  epoch  in  American  engineer- 
ing? 

It  is  now  time  to  speak  the  final  word.  With  kindest  regrets  and 
warmest  friendship,  with  the  greatest  good  will  to  you  aU,  I  now,  in 
the  name  of  the  American  Society  of  Civil  Engineers,  adjourn  this 
General  Intemational  Congress.    (Applause.) 
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The  ftMemblAge  was  now  sbont  to  disperae,  bnt  was  inTited  to  i»- 
nuun  a  few  moments,  hj  Secretary  Hunt,  in  order  to  hear  an  annonnoe-> 
ment  from  Mr.  GorthelL 

Mr.  £.  li.  GoBTHEUk — Gentlemen,  I  asked  the  Secretary  to  do  this, 
bat  he  thought  that  I  onght  to  make  the  explanation;  at  the  request 
of  the  Chairman  of  the  Board  of  United  States  BepresentatiTes  to  the 
International  Nayigation  Congress,  General  Bajmond,  I  wish  to  caU 
jonr  attention  to  the  fact  that  next  September,  1905,  there  will  be 
held  in  Milan,  Italy,  an  International  Narigation  Congress. 

I  haye  sent  to  erery  member  of  the  American  Society  of  Ciyil  En- 
gineers and  also  to  about  one  hundred  Associate  Members  the  Propa- 
ganda, as  we  call  it,  of  our  Board.  The  Secretary  of  the  Milan  Con- 
gress has  sent  me  from  Milan  about  200  of  the  programmes  of  that 
Congress  in  English,  and  if  any  member  interested  in  that  Interna- 
tional Navigation  Congre»  will  write  to  me  at  No.  1  Nassau  Street. 
New  York  City,  I  have  about  150  of  these  programmes  left,  which  I 
will  be  very  glad  to  send  to  anyone. 

Thereupon  the  International  Engineering  Congress  adjourned  sine 
die. 


Affairs.]  INTKBNATIONAL   BITOIKEBBIKO  C0KGBB88.  455 

INTERNATIONAL  ENGINEERING  CONGRESS. 

The  following  correspondence  was  presented  to  the  Board  of  Direc- 
tion of  the  American  Society  of  Civil  Engineers,  November  Ist,  1904» 
and  is  here  printed  by  special  order  of  the  Board. 

"  ImTEBNATIONAI.  EnOINKEBING  CONGBES8, 
*  *  .COMMITTBE  IN  ChaBQE. 

"  St.  Louis,  Mo.,  October  7th,  1904. 
**  Mb.  Chables  Wabben  Hunt, 

*'Sec.f  IrU.  Engineering  Congress. 
"  My  Dbab  Sib:— 

<*  It  is  with  great  pleasure  that  I  enclose  a  copy  of  the  resolution 
this  day  unanimously  adopted  by  the  Committee  in  Charge,  and  I 
trust  that  I  may  be  permitted  to  add,  from  my  personal  acquaintance 
with  the  matter,  that  it  is  to  your  unflagging  zeal  and  executive 
ability  that  the  acknowledged  success  of  the  International  Engineer- 
ing Congress  is  mainly  due. 

*•  Very  sincerely  yours, 

*'  H.  S.  Haines, 

**  Chairmctn.** 

**  Intbbnational  Enoineebino  Congbess, 

*'  COMSaTTEE  IN  ChABGE. 

*•  St.  Louis,  Mo.,  October  7th,  1904. 
'*  Mb.  Chableb  Wabben  Hunt, 

**  Sec,  American  Society  of  CivU  Engineers. 
"DeabSib:— 

<'At  a  meeting  of  the  Committee  in  Charge  of  the  International 
Engineering  Congress  held  this  day  at  the  Administration  Building, 
Louisiana  Purchase  Exposition,  the  following  resolutions  were 
unanimously  adopted: 

**  Resolved,  That  it  is  the  sense  of  the  Committee  in  Charge  of  the 
International  Engineering  Congress  that  warm  thanks  should  be  given 
to  our  Secretary,  Mr.  Chas.  Warren  Hunt,  for  the  successful  outcome 
which  is  mainlv  due  to  his  ability  in  the  arrangement  and  execution 
of  the  manifold,  details  of  preparation  for  the  Congress  and  for  the 
unusual  labor  imposed  by  the  performance  of  this  important  extra 
and  special  duty. 

**  Resolved,  That  a  copy  of  this  resolution  be  furnished  to  the 
Board  of  Direction  of  the  American  Society  of  Civil  Engineers,  with 
the  hope  that  the  membership  of  the  Society  in  general  may  be 
appraised  of  the  value  of  Mr.  Hunt's  services  in  this  connection. 

**  Very  truly  yours, 

**  H.  S.  Haines, 

**  Chairman." 
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ANNOUNCEMENTS. 

The  House  of  the  Society  Is  open  from  9  A.  M.  to  10  P.  M. 
•«very  day,  except  Sundays,  Fourth  of  July,  Thanksgiviog  Day  aaJ 
Christmas  Day. 

MBBTINQS. 

Wednesday,  December  7th,  1904. — 8.S0  p.  m. — A  regular  busmess 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper,  entitled  "  Probable  Wind  Pressure  Involved  in  the  Wreck  of 
the  High  Bridge  over  the  Mississippi  Biver,  on  Smith  Avenue,  St. 
Panl,  Minn  ,  Angust  20th,  1904,"  by  0.  A.  P.  Turner,  M.  Am.  Soc. 
C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  I>ecember  aist,  1904.— At  this  meeting  a  paper,  en- 
titled *<  The  Reclamation  of  River  Deltas,"  by  J.  Francis  Le  Baron, 
M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

UNIVERSAL  EXiH)SITION,  ST.  LOUIS,  1904. 

The  Society  has  undertaken  to  provide  for  an  engineering  exhibit 
and  the  establishment  of  Headquarters  for  visiting  engineers  In  the 
center  of  the  Liberal  Arts  Building,  and  the  Board  of  Direction  has 
appropriated  sufScient  funds  to  defray  the  necessary  expense. 

This  matter  is  in  the  hands  of  the  following  committee: 

Robert  Moobe,  M.  Am.  Soc.  C.  E.,  St.  Louis,  Mo.,  Chairman, 

Edwabd  C.  Oabteb,  M.  Am.  Soc.  C.  E.,  Chicago,  111. 

MoBDECAi  T.  Endigott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C. 

James  L.  Fbazieb,  * '  *'  Frankfort,  Ind. 

WiiiiiiAM  Jackson,  "  **  Boston,  Mass. 

Emil  KuiCHiiiNG,  '•  **  New  York,  N.  Y. 

J.  L.  Van  Obnuh,  '*  "  St.  Louis,  Mo. 

John  F.  WAMiACE,  •*  *•  Chicago,  111. 

O.  E.  Moobnben,  Sec'yy  **  **  St.  Louis,  Mo. 

PRIVILEQES  OP  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OP  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Engineers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  517  Tremont  Temple,  Boston,  which  is  open  on  week  days  from 
9  A.  M.  to  5  p.  M.  Members  will  also  be  welcome  at  the  meetings, 
which  are  held  in  the  same  building,  on  the  evenings  of  the  fourth 
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Wednesday  in  January,  and  the  third  Wednesdays  of  other  months, 
•except  Jnly  and  August. 

The  rooms  of  the  St.  Louis  Engineers*  Clnb,  in  the  business  center 
•of  St.  Loais,  will  be  kept  open  during  the  World's  Fair  season,  May 
1st  to  December  1st,  1904,  and  visiting  engineers  are  cordially  invited 
to  use  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  the  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Civil  En- 
gineers. The  rooms  of  the  Society,  410  Fenn  Ave.,  Pittsburg,  Fa., 
are  open  at  all  times,  and  meetings  are  held  as  follows,  except  during 
July  and  August.  Beoulab  Section,  Third  Tuesdays;  Chemicai< 
Section,  Thursdays  following  third  Tuesdays;  Mechanicaii  Section, 
first  Tuesdays;  Stbuctural  Section,  Fourth  Tuesdays. 

The  Western  Society  of  Engineers,  Monadnock  Block,  Chicago, 
111.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  wifch  the  good  offices  of  its  Secretary  and  of  a 
special  committee  appointed  for  that  purpose. 

The  Civil  Engineers'  Club  of  Cleveland,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  it  is 
■only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost  of 
searches  to  a  minimum. 

Li  asking  that  such  work  be  undertaken,  members  should  specify 
-clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE   LIBRARY. 

October  12th  to  November  .7th,  1904 

DONATIONS.* 
BRITISH  SBWAQB  WORKS. 

And  Notes  on  the  Sewage  FarmB  of  Paris  and  on  Two  German 

Works.     By  M.  N.   Baker.     Cloth,  9x6  in.,   146  pp.     New  York, 

The  Enfirineering  News  Publishing  Co.,  1904.     82. 

The  introductloD  says:  In  the  early  history  of  American  works  (or  the  treatment  of 
sewage,  Engineering  News  commisslooed  the  writer  to  prepare  a  series  of  articles  on 
"Sewage  Purification  in  America. ''  Some  ten  years  having  elapsed,  during  which  many 
new,  or  at  least  modifications  of  old,  methods  had  come  to  the  front,  particularly  in 
Great  Britain,  the  writer  seized  an  opportunity,  afforded  by  Rngineering  News,  to  visit 
representative  British  sewage  works,  and  to  meet  leading  British  experts  in  sewage 
disposal.  Twenty-four  British  sewage  works  were  visited.  They  include  examples  of 
both  old  and  new  methods  of  treatment  and  of  large  and  small  works.  Aside  from  five 
sewage  farms  and  three  chemical  precipitation  plants,  the  works  combine  two  or  more 
methods  of  treatment  and  are  not  easily  classifled.  The  readiest  and  perhaps  the  most 
reasonable  basis  of  classification  for  the  sixteen  combined  works  appears  to  he  the  final 
method  of  treatment  employed.  Using  this,  we  have  eleven  works  with  contact  beds 
and  five  with  percolating  filters.  The  Contents  of  the  book  are:  Part  I,  Wotks  Employ- 
ing Contact  Beds  for  Final  Treatment.— Part  II,  Works  Employing  Percolating  Filters 
for  Final  Treatment.— Fart  III.  Sewage  Farms.— Part  IV,  ChemicaTPrecipitation  Works, 
Apnendix  I  contains  descriptions  of  German  and  French  plants,  and  Appendix  n, 
dennitions  and  descriptions  of  sewage  treatment  for  the  convenience  of  any  readers  not 
familiar  with  the  processes  now  in  use.  In  the  index  the  places  are  grouped  alphabet- 
ically under  the  processes. 

BARTH  DAMS:  A  STUDY. 

By  Bnrr  Bassell,  M.  Am.  Soc.  C.  E.  Cloth,  9x6  in.,  70  pp.     New 

York,  Engineering  News  Publishing  Company,  1904.     $1,     (Donated 

by  the  author.) 

The  author  states  that  the  literature  upon  the  subject  of  earth  dams  is  voluminous^ 
but  much  of  it  ia  inaccessible  and  far  from  satisfactory.  No  attempt  will  be  made  here 
to  collate  this  literature,  or  to  give  a  history  of  the  construction  of  earth  dams:  the 
oblect  will  rather  be  to  present  such  a  study  as  wUl  make  clear  the  application  of  the 

Srlnciples  underljring  the   proper  design  and  erection  of   this  class  of  structures, 
ppendlx  II  contains  a  bibliography  on  the  subject;  and  there  is  an  index  of  two  pages. 

UNTBCHNICAL  ADDRBSSBS  ON  TECHNICAL  SUBJECTS. 

By  James  Douglas.  Cloth,  7  x  5  in.,  84  pp.  New  York,  John 
Wiley  &  Sons,  1904.     81. 

These  addresses,  by  a  former  President  of  the  American  Institute  of  Mining  Bngl- 
neers,  were  given  on  different  occasions,  such  as  the  California  meeting  of  the  Institute, 
September,  1899;  before  the  School  of  Mines  and  Metallurgry  of  the  University  of  Mis- 
souri, May  dOth,  1901;  and  before  the  Michigan  College  School  of  Mines,  April  itid^  1904. 
In  reprinting  them,  omissions  are  made  occasionally  tu  avoid  repetition.  In  other 
cases,  in  order  to  bring  the  information  up  to  date  or  to  amplify  the  subject,  consider- 
able additions  are  interpolated;  but  these  are  enclosed  in  brackets.  The  Contents  are: 
The  Characteristics  and  Conditions  of  the  Technical  Progress  of  the  Nineteenth  Cen- 
tury; The  Development  of  American  Mining  and  Metallurgy,  and  the  Equlpment«  of  a 
Training  School;  wastes  in  Mining  and  Metallurgy. 

CEJVIBNTS,  JVIORTARS  AND  CONCRETES:  THEIR  PHYSICAL  PROPERTIES. 

By  Myron  S.  Talk,  Jun.  Am.  Soc.  C.  E.  Cloth,  9  x  6  in.,  6  +  176^ 
pp.     New  York,  M.  C.  Clark,  1904.     »2.50.     (Donated  by  the  author.) 

The  preface  states  that  the  purpose  of  this  treatise  has  been  to  set  forth  as  concisely 
as  i>os6ible  the  physical  properties  of  cement  and  cement  mixtures,  with  principal 
reference  to  those  properties  which  concern  the  engineer.  The  results  of  investigations 
made  upon  these  materials  have  been  examined  ^ith  great  care,  and  it  has  been  the 
author's  object  to  abstract,  classify  and  summarize  all  the  reliable  data  extant,  filling 
in  certain  gaps  with  data  of  his  own.    The  following  headings  outline,  for  the  greater 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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Dart,  the  acope  of  the  work:  General  Physical  Properties:  Changes  in  Volume  when 
Setting;  Coeolcient  of  Expansion  Dae  to  Temperature  Changes;  The  Action  of  Sea 
Water  and  Bait;  Porosity  and  Permeability;  Effect  of  Freezlnsr;  Adhesion  of  Iron  Bods 
to  Cement  Mixtures;  Fatigue  of  Cement  Mixtures;  Qeneral  Elastio  Properties:  Tensile 
and 'Compressive  Properties;  Coefficient  of  Elasticity;  Elastic  Limit;  ultimate  Besist- 
ance;  Flexure  Properties;  Coeffldeut  of  Elasticity;  Modulus  of  Bupture;  Shearing 
Besistance.  A  report  of  a  special  committee  of  the  American  Society  of  Civil  Engineers 
on  uniform  tests  of  cement  is  given  in  Appendix  I,  and  the  Constitution  of  Portland 
Cement,  by  Clifford  Biohardson,  in  Appendix  II.  There  is  an  index  of  subjects  and  one 
of  authors,  together  covering  six  pages. 

THE  FIELD  PRACTICE  OP  RAILWAY  LOCATION. 

By  Willard  Beahan,  M.  Am.  8oc.  C.  E.  Cloth,  9  x  6  in.,  262  pp. 
New  York,  Engineering  News  Publishing  Company,  1904. 

It  is  stated  in  the  preface  that  the  object  of  this  book  is  to  record  the  methods  com- 
monly used  by  American  engineers  in  the  west  in  the  location  of  railroads  built  since  the 
-WW.  The  writer  is  not  aware  of  any  similar  book  on  this  subject.  The  book  is  primarily 
for  chiefs  of  party,  for  engiueers  obliged  to  make  their  first  location,  and  for  students. 
As  much  of  economics,  traffic,  transportation,  topography,  geology  and  die  locomotive 
Is  embraced  as  those  who  use  it  will  probably  have  time  to  study  or  consider.  This  is  a 
book  for  the  instruction  of  the  inexperienced  in  this  kind  of  field  work,  and  it  Is  made  as 
plain  and  as  consecutive  in  the  statement  of  practical  routme  as  possible.  No  attempt 
has  been  made  lo  exhaust  the  economic  phases  of  the  subject.  In  so  far  as  it  is  possi- 
ble, each  chapter  contains  all  the  information  needed  for  that  part  of  the  work.  The 
economic  units  and  the  principles  established  by  the  late  A.  M.  Wellington  In  his  valu- 
able book,  '*  The  Economic  Theory  of  the  Location  of  Railways,''  are  here  used  and 
referred  to  by  chapter  and  section  in  each  case.    There  is  an  index  of  two  pages. 

REINFORCED  CONCRETE. 

Part  1,  Methods  of  Calctdation.  By  A.  W.  Bnel.  Part  II,  Reprtf- 
sentative  Structures.  Part  III,  Methods  of  Construction.  By  C.  S. 
Hill.  Cloth,  9x6in.,  434  pp.  New  York,  Engineering  News  Pub- 
lishing Company,  1904.     ^5.00. 

It  is  stated  in  the  preface  that  in  preparing  this  book  the  authors  have  had  in  mind 
a  treatise  for  designing  and  constructing  engineers  following  American  practice  and 
governed  by  the  conditions  which  prevail  in  America.  Tneoretical  discussions  have 
been  omitted,  and  in  their  place  have  been  supplied  practical  worldng  formulas,  ex- 
amples of  representative  structures,  and  records  of  actual  practice  in  the  selection  of 
materials  and  of  methods  of  workmanship  and  construction.  For  convenience  of  classi- 
fication the  book  is  divided  into  three  parts  or  sections.  In  Part  I  are  given  working 
formulas  for  ihe  calculation  of  all  classes  of  structures  in  reinforced  concrete  and  such 
facts  about  the  properties  of  concrete  and  steel  as  are  necessary  in  developing  econom- 
ical engineering  designs.  Part  Tl  contains  illustrations  and  descriptions  of  a  large 
number  of  representative  structures  of  reinforced  concrete.  These  record  actual  prac- 
tice in  design  and  show  the  adaptability  of  the  new  material  to  various  types  and  forms 
of  structures.  Materials  workmanship  and  methods  of  construction  are  considered  in 
Part  111  and  are  illustrated  by  numerous  examples  from  actual  practice.  In  this  part 
especial  attention  is  given  to  the  construction  of  I'cnters  and  forms  for  concrete  work 
and  to  methods  of  facing  and  finishing  exposed  concrete  surfaces.  There  is  an  index 
of  six  pages. 

NOTES  ON  HYDROLOQY; 

And  the  Application  of  its  Laws  to  the  Problems  of  Hydraulic 
Engineering.  By  Daniel  W.  Mead,  M.  Am.  Soc.  C.  E.  Cloth,  9  x6  in., 
202  pp.     Chicago,  1904.     (Donated  by  the  author.) 

These  notes  are  intended  by  the  author  to  form  the  basis  for  an  introductory  study 
of  the  fundamental  phenomena  of  Hydrology,  on  which  the  applied  science  of  Hy- 
draulic Engineering  snould  be  based.  The  volume  of  literature  covering  many  of  the 
various  bi-anches  of  this  subject  is  very  great.  Unfortunately,  however,  there  is  no 
single  treatise  which  discusses  the  entire  subject,  and  which  can  be  utilized  as  a  text- 
book, or  reference  book,  to  which  the  student  may  turn  when  investigating  the  various 
branches  of  this  science.  The  lack  of  such  a  work  Is  the  reason  for  the  preparation  of 
these  noteii,  which  are  intended  to  be  used  in  connection  with  various  publications  to 
which  references  are  given.  The  principles  and  laws  of  Hydrology  must,  oC  necessity, 
be  based  almost  entirely  on  extended  and  long-continued  observations,  consequently 
the  writer  has  utilized  the  observations  available  from  a  great  many  sources,  and  for 
long  periods  of  time. 
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THE  BUILDING  ESTIMATOR. 


By  WUliam  Arthur.     Cloth,  6x4  in.,  150  pp.    Omaha,  Neb.  (Will- 
iam  Arthur),  1904.     $1.50.     (Donated  by  the  author.) 


Th«  first  part  of  the  book  gives  approximate  estimatlDg  for  architects,  engineers, 
i.^  and  metnods  showing  how  to  obtain  the  value  of  buildings.    Several  pages  of  per- 
centages are  also  given  for  residences,  warehouses,  stores  and  flats,  scnools,  manu- 


facturing and  business  buildings.  The  percentage  of  excavation,  mason  work,  lumber, 
mill  work,  gla^  caipenter  labor,  paint,  hardware,  tin,  slate,  plumbins,  etc.,  is  given 
under  each  class,  and  from  six  to  twelve  examples  are  used  from  actual  bids  put  in  or 
work  done.    There  is  a  two-paged  index. 

CARBURATION  ET  COMBUSTION  DANS  LES  MOTEUKS  A  AIXOOL. 

Par  E    Sorel.     Paper,  9x  5  in.,  280  pp.     Paris,  Vve.  Ch.  Dunod,^ 

1904.     Paper,  8  francs;  boards,  9  francs  50. 

Much  has  been  said  for  and  against  the  using  of  alcohol  in  motors.  Its  partisans 
declare  that  it  can  be  substituted  for  lis^ht  forms  of  petroleum  in  any  kind  ofa  motor, 
without  a  disagreeable  odor  or  smoke  oeing  perceptible.  Its  opponents  accuf«  it  or 
producing  acids  attacking  the  cylinders  and  suction-valves.  The  author  says  that 
these  eulogies  and  reproaches  are  without  foundation;  all  depends  upon  the  circum- 
stances of  using  and  the  manner  of  mingling  the  air  and  the  combustible.  In  this  new 
work  the  author  aims  to  show  the  conditions  that  are  necessary  and  sufficient. 

ETUDE  THEORIQUE  ET  PRATIQUE  SUR  LA  VAPORISATION. 

Methode  pour  Augmenter  Consid^rablement  le  Bendement  dea 
G^n^rateurs  ^  Vapeur.  Par  M.  E.  Wickersheimer.  Paper,  10  x  6  in., 
76  pp.     Paris,  Vve.  Ch.  Dunod,  1904.     3  francs  50. 

The  author  has  attempted,  in  this  study,  to  show  a  new  method  for  considerably  in 
creasing  the  efficiency  of  boilers.  In  this  way  he  aims  to  economise  a  large  proportion 
of  the  fuel  without  hurting  the  metal  in  the  least  with  the  heat  and  even  preserving  it 
from  harm.  Tne  first  part  of  the  work  consists  in  theoretical  considerations  and  in 
laboratory  practice;  the  second  relates  to  industrial  experience  made  in  order  to  verify 
the  Bez  method. 

ETUDE  THEORIQUE  DES  ALLIAOES  METALLIQUES. 

Par  L^on  Gaillet.  Paper,  10  x  6  in.,  232  pp.  Paris,  Vve.  Ch. 
Eunod,  1904.     7  francs  50. 

It  is  stated  in  the  preface  that  recent  researches  on  alloys  have  shown  that  their 
physical,  chemical  ana  mechanical  properties  depend  upon  the  state  in  which  the  differ- 
ent metals  entering  into  their  composition  are  found.  The  author's  aim  is  to  study  the 
diff(*rent  methods  by  which  this  knowledge  is  acquired;  to  show  what  has  been  alrendy 
accomplished;  and  to  write  of  the  different  alloys  used  in  manufacturing.  This  volume 
is  devoted  essentially  to  theory;  the  author  has  repeated  here  the  law  on  the  phase?  of 
which  the  theorv  of  alloys  undoubtedly  depend;  in  the  following  chapters  he  has  studied 
all  methods  leading  to  the  clearing  up  of  metallurgical  products.  Each  chapter  has 
three  divisions:  Ist,  the  principle;  2a,  the  methods;  8a,  the  examples.  The  examjples  are 
taken  from  important  work  connected  with  the  names  of  MM.  Le  Chatelier,  Osmond 
and  Hadfleld. 

ROCK  EXCAVATION. 

Methods  and  Cost.    By  Halbert  Powers  Gillette,  M.  Am.  Soc.  C. 

E.     Cloth,  5x7  in.,  8  +  376  pp.    New  York,  M.  C.  Clark,  1904.     S3.0O 

(Donated  by  the  author.) 

The  author  says  that,  while  the  scope  of  the  book  is  wider  than  at  first  sight  appears 
desirable,  since  it  Includes  quarrying,  open-cut  excavation,  trenching,  subaqueous  ex- 
cavation, tunneling  and  under-ground  excavation,  still  it  should  be  remembered  that 


the  main  elements  of  cost  are  df^much  the  same  quality,  and  that  the  differences  are 

aire  eight  f         " 


tical.  There  is  indeed  much  in  common  in  all  classes  of  rock  excavation  in  spite  of 
many  detailed  differences.  The  Chapter  Headmgs  are:  Rocks  and  Their  Properties: 
Methods  and  Cost  of  Hand  Drilling:  Machine  Drills  and  Their  Use;  Steam  and  Compressed 
Air  Plants;  The  Cost  of  Machine  Drilling:  Cost  of  Diamond  Drilling;  Explosives;  Charg- 
ing and  Firing;  Methods  of  Blasting:  Cost  of  Loading  and  Transporcing  Rocks;  Quarry- 
ing Stone:  Open  Cut  Excavation;  Methods  and  Costs  on  the  Chicago  Drainage  Canal; 
Cost  of  Trenches  and  Subways;  Subaqueous  Excavation;  Cost  of  Railway  i^unnels; 
Cost  of  Drifting;  Shaft  Sinking  and  Stoping.    The  book  contains  an  index  of  six  pages. 
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Gifts  have  also  been  reoeived  from  the  following: 


Am.  By.  Master  Mechanlos'  Anoo.    1  bd. 

▼ol. 
Atlanta  &  West  Point  B.  B.  Co.    8  pams. 
Brit.  Fire  Preyentlon  Comm.    1  pam. 
Buffalo  &  flusquehanna  B.  B.  Co.    1  pam. 
Chicago,  BurUJDgton  &  Qulncy  B.  B.  Co. 

1  pam. 
Chicago,  Bock  Island  &  Pacific  By.  Co.    1 

pam. 
CityBecoTd.    Obd.TOl. 
Cohen,  Mendes.    07  pam. 
Dayis.  J.    1  pam. 
Dunod,  7ve.  Ch.    1  vol. 
Bno,  F.  U.    1  vol. 
Fisk,  W.  L.    1  pam. 
Georgia  Southern  &  Florida  By.  Co.     1 

pam. 
Gloucester,   Mass.— City  Council.     1  bd. 

▼ol. 
Great  Britain— Patent  Office.    7  pam.,  5 

▼ol. 
Great  Northern  By.  Co.    1  pam. 
Imiwrlal  Earthquake  Investigation  Comm. 

1  pam. 
Inst,  of  Civ.  E^ngrs.    1  ▼©!. 
Inst,  of  Marine  fingrs.    1  bd.  ▼ol. 
Iowa  Enflf.  Soc.    1  pam. 
KOnlglicne    Technisohe     Hochschule    su 

Danzig.    1  pam. 
Louisville  &  Nashville  B.  B.  Co.    1  pam. 
McGUlUniv.    1  bd.  vol. 
Madras,    India— Pub.    Works    Dept.       1 

pam. 
Mass.— Statistics  of  Labor,  Bureau  of.    2 

bd.  vol. 
Mead,  D.  W.    1  bd.  vol. 
Mich.-Health,  Board  of.    1  bd.  vol. 
Milwaukee— Board  of  Pub.  Works.    1  vol. 
Miss.  Wire  Glass  Co.    1  bd.  vol. 


Montreal— City  Council.    1  bd.  vol. 
New  York-Dept  of  Health.    8bd.  voL 
New  York— State  Bngr.  and  Surv.    8  bd. 

vol. 
New  York  Central  &  Hudson  Biver  B.  B. 

Co.    1  pam. 
Nichols.  O.  F.    1  pam. 
North,  E.  P.    abdTvol. 
North-East  Coast  Inst.   Engrs.   ft  Ship- 
builders.   1  bd.  vol. 
Northern  Pacific  By.  Co.    1  pam. 
Queensland— Coromr.  for  Bys.    1  voL 
Beading— Board  of  Water  Conmirs.    1  bd. 

vol. 
Beading  Co,    1  pam. 
Bicketts.  P.  C.    1  vol. 
Soc.  Beige  dee  Ing6nieurs  et  des  Indus- 

triel6.    1  pam. 
Soc.  of  Arts.    1  pam. 
South  Australia.— Bys.  Commr.    1  pam. 
Stanley  Electric  Mfg.  Co.    1  map. 
Toledo,  St.  Louis  &  Western  B.  B.  Co.    1 

paia. 
Toronto— Provincial  Board  of  Health.     1 

pam. 
Union  Pacific  B.  B.  Co.    1  pam. 
U.  S.  Bureau  of  Forestry.    6  pam. 
U.  S.  Bureau  of  Statistics.    1  vol. 
U.  8.  Div.  of  Foreign  Markets.    1  pam. 
XJ.  S.  Navy  Dept.    1vol. 
U.  S.  Office  of  Exper.  Stations.    8  pams. 
U.  S.  War  Dept.    18  Specif. 
U.  8.  Weather  Bureau.    1  pam. 
Univ.  of  m.    1  pam. 
Wabash  B.  B.  Co.    1  pam. 
Victoria— Melbourne  and  Met.  Board  of 

Works  Euffr.-in-Chf.    Ipam. 
Western  By.  of  Ala.    1  pam. 
Wis.  Central  By.  Co.    1  pam. 


BY  PURCHASE. 

A  Text  Book  on  SUtlc  Electricity.      By  Hobart  Mason.      New 
York,  McGraw  Publishing  Company,  1904. 

Refuse  IMsDOsal  and  Power  Production.    By  W.  Fancis  Goodrich. 
New  York,  E.  P.  Button. 

Scientific  American  Reference  Book.     Compiled  by  Albert  A.. 
Hopkins  and  A.  Russell  Bond.     New  York,  Munn  &  Company,  1905. 


SUMMARY  OP  ACCESSIONS. 

October  12th  to  November  7th,  1904. 

Donations  (including  29  duplicates) 188 

By  purchase 3 

Total 191 
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ADDITIONS. 


Dale  of 
Membenhip. 

AT.MTBATJi,  B^ncoND  Fbangsb.    Axcht.,  51  Chambers  St,  New 

York  City Oct.  6.  1904 

Bishop,  UuBXBT  KsENKT.    Snpt,  Public  Works,  Hudson,  N.T.  Oct.  5,1904 

Bi^^GKWSLL,  Fbangis  Oodin.    Cous.  Bngr.,  49  Wall  St.,  New 

York  City Oct.  6,1904 

Woodland  Hills  Ave.),  Cleveland,  Ohio.    •  |  ^  N  1   1904 

Chambebun,    Chbstxb    Habyxt.     Diy.   Engr.,   Tex.    &  Pac. 

By.,  Boyce.  La Oct.  5,  1904 

Chappkll,  Thomas  FENMiNa.    45  Broadway,  New  York  City.  Oct.  6,  1904 

Eastwood,  John  Thompson.    First  Asst.   Engr.,  /  Jnn.'  Mar.  6,  1894 

Sewerage,  Sewerage  and  Water  Board,  602  }  Assoc.  M.  Feb.  1,  1899 

Carondelet  St.,  New  Orleans,  La. (  M.  Sept  6,  1904 

FoBD,  WnxiAM  Gbitfino.    aOO  Montogne  St,  Brooklyn,  N.  Y.  Oct.  5,  1904 

FoBOiB,  Jamks.    Chi  Asst  Engr  .  North  Biver  DIt.,  P.  B.  B. 

Tunnels,  1  West  34th  St,  New  York  City Oct.  6,  1904 

FoBT,  Edwin  John.    Dept  of  Highways,  Mnnio-  S  Absoc.  M.  April  1,  l^M 

ipftl  Bldg.,  Brooklyn,  N.  Y 1  M.  Nov.  1,1904 

Ftfb.  Jambs  Lincoi^n.     1106  The  Bookeiy ,  Chicago,  HI Oct  5,  1904 

Hanna.    John    Huntxb.    Asst.   Chf.   Engr.  and  /  .  .,  *     .,  «  ,««« 

Supt,  Capital  Traction  Co.,   36th  and  mJ  !^'  ^  ^^^  ^  ]^ 

Sts,  Washington.  D.C l^'  ^^^-  '' ^^ 

Hahdt,  Edwabd  Dana.  3107  Eleventh  St.,  N.  W.,  Washing- 
ton. D.  C Oct  5,  1904 

Hahhkart,.  Joseph  Fbbdbbick.    Supt.  of  Constr.,  /  .  ,,  ,,  ^     ^^^^ 

U.S.  Engr.  Dept  (Bes..  1603  West  Giraid*^^-^-  ^"'  ^^  }^ 

Ave.).  Philadelphia,  Pa j^  ^^^-  ^' ^^ 

HoHii,  Lbonhabd  Johm.    Mgr.,  Cherokee  Gold  Dredging  Co., 

Oroville,  Butte  Co.,  Cal Oct  6,  1904 

Hunt,  Bufos  Cambbon.    718  St  Nicholas  Ave.,  New  York 

City Oct  5.1904 

Johnson,  Lewis  Jebomb.   Asst  Prof,  of  Civ.  Eng.,  /  .  __  o     *  ^   ,^, 

Harvard  Univ..  309  Pierce  Hall.  Cambridge,  )^"^-^-  ^^^-  ^  ]^ 

Mass 1^-  ^**^*  ^'^^^ 

KowxB.  Hebmann.  AKSt  Prof,  of  Drawing,  Univ.  of  Cali- 
fornia, Berkeley,  Cal Oct  5,  1904 

LaFobox.  Fbbdbbick  Wiixiam.    Junior  Engr.,   U.   S.  Engr. 

Dept,  Ft.  Terry.  N.  t Oct  5,1904 

Lanq,  Otto  Heinbich.    With  Tex.  Sr  Pac.  By.  Co.,  Dallas. 

Tex Oct  5,1904 

Labbabee,  Wiluam  Dominick.  Supt.  and  Chf.  Engr.,  Los 
Angeles  Pacific  B.  B  Co.,  316  West  4th  St,  Los  An- 
geles, Cal Oct  5,1904 
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MiLLBB,  FsAMX.    Gbf .  EogT.,  Snare  ft  Triest  Co.,  89  Oortlandt 

St.,  New  York  City Oct      5,  1904 

Mont,  Ebicbst  Williak.    Director,  S.  Pearson  ft  Son,  Ltd., 

10  Victoria  St.,  Westminster,  S.  W.,  London,  England.  Sept.    7,  1904 

MoiiEBi,  EusBBius  Joseph.    2025  Sacramento  St.,  San  Fran- 
cisco. Oal.. Oct.      5,  1904 

Nbilson,  Gboboe  Habbison.    Gen«  Mgr.,  Braebnm  Steel  Co., 

Braeburn,  Pa. Oct.      5,  1904 

Pops,  Willabd.    Yioe-Pres.  and  Engr.,  Canadian  Bridge  Co., 

Ltd.,  Walkerville,  Ont.,  Canada Oct.      5,  1904 

Heed,  Wendell  Momboe.    Dist.  Engr.,  U.  S.  Geological  Sur- 
vey, Reclamation  Service,  Boswell,  K.  Mez Oct.     5,  1904 

BioKSTTs,  Louis  Davidson.    Globe,  Ariz Oct.     5,  1904 

Seabs,  Walteb  Hbbbbbt.    Div.  Engr.,   Croton  Biver  Div., 

N.  Y.  Aqueduct  Comm.,  Katonah,  N.  Y Oct      6,  1904 

Sbubot,  Paul  Albebt.     Office  Engr.,  North  Biver  r  Jnn.  April  30,  1895 

Div.,  Penn.,  N.  Y.  ft  L.  I.  B.  B.   Co.,   1^  Assoc.  M.  Oct      4,  1899 

West  34th  8t ,  New  York  City |  M.  Nov.     1,  1904 

Stbioslbb,  Gbatz  Bbown.    Gen.  Snpt.,  Bichard-  i  Jan.  Jan.      6,  1897 

son  ft  Bargess,  Inc.,  613  Colorado  Bldg.,  i  Assoc.  M.  Jan.     4,  1899 

Washington,  D.  C (  M.  Nov.     1,  1904 

Taloott,  Habby  Bandolph.    Asst.  Enf^.,  Constr.  Depf.,  B.  ft 

O.  B.  B.  Co.,  Boom  8,  Walsh  Bldg.,  Cumberland,  Md. .  Oct.      5,  1904 

TxiCHMAN,  Fbanx.     Care,  U.  S.  Greological  Survey,  Living- 
stone, Ariz Oct.      5,  1904 

Walesb,  James  WiiisON  Gbimes.    Civ.  Engr.,  U.  S.  N.,  Navy 

Yard,  Charieston,  S.  C Oct.      5,  1904 

Woodabd,  Silas  H.    Care,  Penn.,  N.  Y.  ft  L.  I.  {  Assoc.  M.  Jan.     2,  1901 

B.  B..  345  Eaat  33d  St.,  New  York  City. . . .  J  M.  Nov.     1,  1904 


ASSOGUTE  MBMBBBS. 

Bampobd,    William  Bbokaw.    Archt.    and    Civ.  j  Jud.  June  2,  1903 

Engr.,  1123  Broadway,  New  York  City (  Assoc.  M.  Oct  5,  1904 

BowLEB,  Fbank  Colbubn.    Millinocket,  Me Oct.  6,  1904 

Bbown,  Stephen  Peabson.  Cons.  Engr.,  Stratford,  Conn..  .  Oct  5,  1904 
Cabboll,  Chables  Joseph.     Div.   Engr.,   Mex.  International 

B.  B.,  Durango,  Mexico : Oct  5,1904 

Clabk,  Bosgob  Nathaniel.  800  Main  St.,  Hartford,  Corn;...  May  4,  1904 
Hawxhubst,  Bobebt,  Jr.    Chf.  Engr.,  Eohala  ft  Hilo  By.  Co., 

Hilo,  Hawaii Sept  7,1904 

Johnston,  John  Pabbt.    822    Marquette   Bldg.,  j  Assoc.  April  3, 1894 

Chicago,  111 1  Assoc.  M.  Nov.  1,  1904 

Kibpfeb,  Stephen   Ephbaim.    2615  D wight  Way,  Berkeley, 

Cttl Oct  5,1904 

Macdonald,  Abchibald  Angus.    Ill  Fifth  Ave.,  j  Jnn.  June  4,  1901 

New  York  City 1  Assoc.  M.  Oct  5,  1904 
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Date  of 
Membenbip. 

Macomb,  Johh  ds  Nayabbe,  Jr.      1407  Eenincky  St.,  Lawr 

renoe,  Eans Oct.     5. 19(Nt 


Jan.  May  5,  1903- 

AsBOC.  M.  Oct.  6,  1904 

Jan.  April  5,  189& 

Assoc  M.  Oct  5,  1904 


BoBB,  Louis  Abaics.    71  Lincoln  Park,  Newark, 

N.J 

BxTNTON,    WiULZAM   EsBPEB.    Ill    Central  Aye., 

Newark,  N.  J 

Shsbtzxb,  Tzbbbll  Bbadbubt.    Asst.  Engr.,  Bapid  Transit 

B.  B.  Comm.,  621  West  162d  St.,  New  York  City Oct.      5,  1904 

Smith,  Chssteb  Wason.    23  Prospect  St.,  Clinton,  Mass Oct.     5,  1901 

Stbono,    Jambs    Boobman.      Engr.,    Bamapo   Iron   Works, 

Niagara  Falls,  N.  Y Oct.      5,  1904 

Taggabt,  Balph  Conb.     104  West  128th  St.,  New  York  City. .     Oct.     5,  1904 
Thobp,   Biohabd   Fbnwick.    Manaar,   Madura  Dist.,   Soath 

India... Oct.      5,  1904 

TncBNAN,  Austin  Kino.    Box  441,  Salt  Lake  City,  Utah Oct.      5,  1904 

Waohteb,  Chablbs  LuoAS.    Constr.  Engr.,  Cable- f..  _  ^    ,„_ 

■n    X       x-j  J     iM      i-1         n/» '  J^*^  Jane  o,  iwo- 

r^w*^'»      v^T^         *•         •     "^1  Assoc.  M.    Oct.     5.1904 
Liberty  St,  New  York  City [ 

ASSOCIATES. 

Caibd,  Jambs  Mobton.    271  Biver  St.,  Troy,  N.  Y Oct.     5,  1904 

JUNIORS. 

Bbillhabt,  Jacob  Hbbbst.    Box  42,   Port  Grifiitb,   Luzerne 

Co.,  Pa Nov.     1,  1904 

HuTOHiNas,  John  Bacon  ,  Jr.     217  Waldron  St. ,  West  Lafayette, 

Ind Sept.    6,  1904 

chanqbs  op  address. 

mbmbbbs. 

Aldbich,  Tbuman  Hbminwat 1739  P  St.,  N.  W.,  Washington,  D.  O. 

Bbnzenbebo,  Gbobge  Ubnbt Cons.  Engr.,    310    Wells   Bldg.,    MiU 

waakee,  Wis. 

BowsBB,  Edmund  EUmilton 243  Sixth  St.,  Louisyille,  Ey. 

Cbump,  Balph  Lbe P.  O.  Box  164,  Hackensack,  N.  J. 

Dauchy,  Waltbb  Edwabd Ancon,   Canal    Zone,   Panama ;   Cure,. 

New  York  Post  Office. 
Fbink,  Ellis  Alex ANDEB (Frink  &    Hazen,    Cons,    and    Contr. 

Engrs.),  711  Union  Trust  Bldg. ,  Balti. 

more,  Md.  (Bes.,  Boanoke,  Ya.) 
Hanna,  John  Venable Asst.  Engr. ,  M.  of  W. ,  Frisco  System  ; 

Care,  Frisco  System,  St.  Louis,  Mo. 

Habbis,  Van  Alen. 245  Nsssaa  St,  Princeton,  N.  J. 

HoBN,  Frank  Chubghill Care,  Hyde  Park  Hotel,  51st  St.,  Boule^ 

vard  and  Lake  Ave.,  Chicago,  111. 
Jannbt,  William  Dean.. Chf.  Engr.,   The  Elk   Biver   Coal   & 

Lumber  Assoc. ,  and  BufBttlo  A  Ganley 

B.  B.,  Clay,  Clay  Co.,  W.  Va. 
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MONTHLY  LIST  OP  RECENT  ENQINEERINO  ARTICLES  OF 

INTEREST. 

(October  11th  to  November  5th,  1904.) 
N  DTE. — This  list  is  published  for  ths  purpose  of  placing  be/ore  the  members 
^the  Society  the  titles  of  current  engineering  articles^  tehich  can  be  rrferred 
to  in  any  available  engineering  library ,  or  can  be  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible, 

UST  OP  PUBLICATIONS. 
In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre^ 
fixed  to  each  journal  in  this  list. 

(SB)  Nouvelle*  Annaiea  de  la  Construe 

tion^  Parlfl,  France. 
(36)  La  Revue  Technique,  Paris,  Franee. 


(I)  Journal,  Assoc.  En«.  800.,  867  South 
Fourth  St., Philadelphia,  Pa.,  80c. 

(J)  Proceedings,  Engrs.  Club  of  Phila., 
1188  Oirard  St.,  Philadelphia,  Pa. 

(3)  Journal,   Franklin   Inst.,   Philadel- 

phia, Pa.,  60c. 

(4)  Journal,  Western  Soc.  of  Engrs.,  Mo- 

nadnock  Block,  Chicago,  111. 

is)  Tranaactione^  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 
Univ.,  New  York  City,  60c. 

<7)  Technology  Quarterly,  Mass.  Inst. 
Tech.,  Boston,  Mass.,  7&c. 

(8)  Stevens  Institute  Indicator,  Stevens  " 

Inst.,  Hoboken,  N.  J.,  60c. 

(9)  Engineering  Magazine,  New   York 

City,  86c. 

(10)  Gassier' s  Magazine,  New  York  City, 

a6c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
(19)  rAeiSnj/tneer  (London),  International 
News  Co.,  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  18c. 
(13)  Railroad  Gazette,  New  York  City, 
10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(18)  Railujay  and  Engineering  Review, 

Chicago,  111.,  10c. 

( 19 )  Scientific  American  Supplement,  New 

York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land, 85c. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England,  86c. 

/a3)  Builetin,  American  Iron  and  Steel 
Assoc,  Philadelphia,  Pa. 

(94)  American  Oas  Light  Journal,  New 
York  City,  10c. 

(as)  American  Engineer,  New  York  City, 

aoc. 

(a6)  ElectriccU  Review,  London,  England, 
(a?)  Electrical  World  and  Engineer,  New 

York  City,  10c. 
(a8)  Journaf,  New  England  Water- Works 

Assoc,  Boston,  81. 
(a 9)  Journal,  Society  of  Arts,  London, 

England,  15c. 

(30)  Annales    des    Travatuc  Publies  de 

Belgique,  Brussels,  Belgium. 

(31)  Annale.9  deV  Assoc,  des  Ing.  Sortis 

des  Erole  Spiciales  de  Oand,  Brus- 
sAla,  Belirlum. 
( la)    Mimoires  et  Compte  Rendu  des  Tra- 
vaux,  Soc  Ing.   Civ.  de  France, 
Paris,  France. 

(33)  Le  Ginie  Ctin7.  Paris,  France. 

(34)  Portefeuille    Economique   des   Ma- 

chines, Paris,  France. 


(37)  Revue  de  Micanique,  Paris,  France. 
(38).  Revue  G4nirale  des  Chemins  de  ¥er 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

III.,  10c. 

(40)  Railway  Age,  Chicago,  111.,  10c. 

(4 1 )  Modem  Machinery,  Chicago,Ill.,  10c. 
(49 )  Transactions,  Am.  Inst.  Elec.  Engrs., 

New  York  City,  50c. 

(43)  Annales   des   Fonts  et   Chauss4es^ 

Paris,  France. 

(44)  JoumtU,    Military  Service   Institu- 

tion, Oovemor^s  Island,  New  York 
Harbor,  60c. 
(43)  Mines  and  Minerals,  Scranton,  Pa., 
80c. 

(46)  Sbiene<;lc  American,  New  York  City, 

8c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 
(S4)  Transactions,  Am.  Soc.  C.  E.,  New 

York  City,  $6. 
(33)  Transactions,  Am.  Soc.  M.  E.,  New 

York  City,  $10. 
(56)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $6. 
(87)  Colliery  Guardian,  London,  England. 

(38)  Proceedings,  Eng.  Soc.   W.  Pa.,  410 

Penn  Ave.,  Pittsburg, Pa., 60c. 
(89)  Transactions,  Mining  Inst,  of  Soot- 
land,  London  and  Newcastle-upon- 
Tyne,  England. 

(60)  Municipal  Engineering,    Indianap- 

olis, Ind.,  86c. 

(61)  Proceedings,  Western  Bailway  Club, 

286  Dearborn  St.,  Chicago,  111.,  86c. 
(6a)  American   Manufacturer  and  Iron 
World,  69  Ninth  St. ,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E. 

London,  England. 

(64)  Power,  New  York  City,  aOc 

(65)  Omcial  Proceedings,  New  York  RbU- 

road  Club,  Brooklvn,  N.  Y.,  16c 

(66)  Journal  of  Gas  Lighting,  London, 

England,  16c. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, 111.,  86c. 

(68)  Mining  Journal,  London,  England. 

(69)  Mill  Owners,  New  York  City,  10c 

(70)  Engineering  Review,  New  York  Cityy 

(71)  Journal,  Iron  and  Steel  Inst.,  London, 

England. 
(7a)  Street  Hailxcay  Review,  Chicago,  80c. 

(73)  Electrician,  London,  England,  18c. 

(74)  Transactions,    Inst,    or    Mln.    and 

Metal.,  London,  England. 
(78)  Proceedings,  Inst,  of  Mech.  Engrs., 
London,  England. 

(76)  Brick,  Chicago,  10c. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England. 
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LIST  OP  ARTICLES. 
Bridge. 

Breotlon  of  the  North-Weet  Miramlchi  Bridge,  Newcastle,  N.  B.*   H.  D.  Bush.    (5) 

V.  17,  Pt.  1,  —  , 

The  Companitive  Economy  of  Various  Types  of  Highway  Bridges.  C.  B.  Wing.    ( Paper 

read  before  the  Technical  80c.  of  the  Padflc  Coast. )    ( i )  Sept. 
Skew  Bridge  of  Armoured  Concrete.*   (la)  Oct.  7. 
A  Special  Floor  Svstem  for  a  Deck  Bridge.*    ( 14)  Oct.  15. 
The  Ticonic  Foot  Bridge,  Watenrllle,  Me.*    (14)  Oct.  16. 
A  New  Oraphlcal  MeOiod  for  Stresses  in  lliree-Hlnged  Arches.*   J.  W.  Balet.    (13) 

Oct.9D. 
Travelers  for  Steel  Spans.    (Committee  Bept.  to  the  Assoc  of  By.  Supts.  of  Bridges  and 

Buildings^    (40)  Oct  81;  (13)  Oct.  87;  (ig)  Oct.  88. 


A Highwaymidge Floorbeam Connection.*    (14)  Oct. 88. 

The  Care  of  Baifi-oad  Trestles  While  Being  Filled.    (Committee  Bept.  to  the  Assoc,  of 

By.  Supts.  of  Bridges  and  Buildings.)    (14)  Oct.  88;  (13)  Oct  ^;  (ig)  Oct.  88;  Ab- 
stract (40)  Oct.  81. 
Forest  Park  Bridge  of  the  Wabash  at  St.  Louis.*    A.  O.  Cunningham,  M.  Am.  Soc.  C.  B. 

(ig)  Oct.  88;  (14)  Not.  6. 
Concrete  Bridges  on  the  St.  Louis  &  San  Francisco  By.*    (13)  Not.  8. 
The  Bellows  Falls  Highway  Bridge.*    ( 14 )  Not.  6. 
Construction  Economique  des  Larges  Fonts  en  Pierre:  Deux  Fonts  Minces  &  Chaque 

Tdte  Portant  un  Plancher  en  B6ton  Armd:  Fonts  de  Luxembourg  et  de  Toulouse.* 

M.  8«Joum6.    (38)  Oct. 
Pldces.en  TrelUis  Charg6es  de  Bout,  Brides  Paralldles  et  non  ParallMes.    A.  Vierendeel. 

(30)  Oct. 
NouTelle  Determination  04om6trique  des  Etforts  dans  les  Poutres  Droltes  h  TraTees 

Continues.*    FaridBoulad.    (33)  Oct.  8. 
Le  Pont  Suspendu  Elisabeth,  k  Budapest.*    A.  Bldault  des  Chaumes.    (33)  Oct.  IB. 

Electrical. 

A  Modern  Machine:  The  Direct  Current  Motor.*    F.  S.  Keith.    (5)  t.  17,  Pt.  1. 

The  Laying  of  the  Commercial  Pacific  Cable.    Frank  P.  Medina.    (Paper  read  before 

theTechnioalSoc.  of  the  Pacific  Coast.)    (1)  Sept 
Localisation  of  Faults  on  Low-Tension  Networks.*    W.  E.  OroTcs,  A.  M.  I.  E.  E.    (77) 

Some  Properties  of  Alternators  under  Various  Conditions  of  Load.*    A.  F.  T.  Atchison, 

Assoc.  1.  E.  E.    (77)  Sept. 
Eddy  Currents  in  Solid  andXaminated  Masses.*   M.  B.  Field,  M.  L  E.  £.    (77)  Sept. 
Armature  Beactlons  in  Alternators,  with  some  Notes  on  the  Running  of  Synchronous 

Motors.*    H.  W.  Taylor.    (77)  Sept. 
Alternating-Current  Commutator  Motors.*    F.  Creedy.    (77)  Sept. 
The  Telautograph.*   James  Dixon.    (4a)  Oct. 
The  Distribution  of  Magnetic  Induction  in  Multipolar  Armatures.*    W.  M.  Thornton. 

(j6>  Oct.  7. 
Simultaneous  Telegraphy  and  Telephony.    Joseph  Hollos.    (Paper  read  before  the  In- 
ternational Elec.  Cong.)    (73)  Oct.  7. 
Effects  of  Continuous  and  Alternating  Currtots  on  the  Dielectric  Strength  of  Insulators.* 

Q.  W.  O.  Howe.    (73)  Oct.  7. 
The  Budapest  Telephone  Exchange.*    (73)  Oct.  7. 
Design  of  Armature  Coils.*    (47)  Oct.  8. 
Electricity  Supply  in  Willesden.*    (73)  Oct.  14. 
A  Recent  wireless  Telegraph  Patent.*    (73)  Oct  14. 
The  Design  of  Induction  Motors.    A.  Press.    (a6)  Oct.  14. 
Direct  CJurrent  Transmission  at  70  000  Volts.*    A.  Steens.    (a6)  Oct  14. 
The  Present  Status  of  the  Edison  Storage  Battery.    A.  E.  Kennelly  and  8.  E.  Whiting. 

(Abstract  of  Paper  read  before  the  International  Elec.  Ck>ng. )    (73)  Oct.  14. 
Electrolytic  Rectifiers:  an  Experimental  Research.    Albert  Nodon.    (73)  Oct  14. 
Steam  Turbine  Power  Plants:  Notes  on  their  Equipment  and  Operation.*    J.  R.  Bibbins. 

(Paper  read  before  the  Amer.  St  Ry.  Assoc.)    (17)  Oct.  16;  Abstract  (13)  Oct.  80. 
The  Problem  of  the  Telephone  Relay.  John  Trowbridge.   (From  The  Electrtoal  Review^ 

of  New  York).    ( 19)  Oct.  15. 
A  Qas  Power  Plant  for  the  Morecambe  Bay  Harbor  Works.*    (14)  Oct.  16. 
Interior  Wiring  for  Telephones.    Charles  H.  Coar.    (37)  Oct  16. 
Wireless  Telegraphy  in  Russian  Military  Field  Operations.*    Frank  C.  Perkins.    (27) 

Oct  16. 
The  Conduction  of  Electricity  in  Mercury  Vapour.*   A.  P.  Wills.    (From  the  Phytical 

Review.)    (73)  Oct. 81. 
Report  on  High- voltage  Transmission  Lines.*    (Committee  Rept.  to  the  N.  Y.  State  St. 

Ry.  Assoc.)    (73)  Oct.  81. 
The  Lead  Voltameter.    Anson  G.  Betts  and  Edward  F.  Kern.    (Abstract  of  Paper  read 

before  the  International  Elec.  Ck>ng.)    (73)  Oct  81. 
Rotary  ConTerters  and  Motor-Qenerator  Sets.    Wm.  C.  L.  Eglin.    (Abstract  of  Pai)er 

read  before  the  International  Elec.  Cong.)    (73)  Oct  81. 
High-Tension  Line  Construction  and  Operation.    F.  A.  C.  Perrine,  M.  Am  inst.  E.  B. 

( Abstract  of  Paper  presented  before  the  International  Elec.  Cong. )    (47 )    Serial  be- 
ginning Oct.  88. 

*  lUustrated. 
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Electrical— (ContinuMl) . 

The  Water-Wheel  Equipment  in  the  Puget  Sound  Power  Company's  Plant.*    George  J. 

Henrv,  Jr.    {97)  Oct.  8S. 
The  Weetem  Electric  Company's  Exhibit,  St.  Louis.*    (^7)  Oct.  88. 
A  French  Municipal  Electrical  Plant.*    (37)  Oct.  88. 
T^ree-Wire  Distribution.*    F.  Hardie  Jeannin.    ( J7)  Oct.  88. 

On  the  Theory  of  the  Matthews  and  the  Russell-Lfonard  Photometers  for  the  Measure- 
ment of  Mean  Spherical  and  Mean  Hemispherical  Intensities.    Edward  P.  Hyde. 

(From  Bulletin  of  the  Bureau  of  Standards.)    (aj)  Oct.  88. 
Three  New  Electric  Hoisu.*    (ao)  Oct.  87. 
The  Design  of  Generators  for  Electric  Power  Transmission  Work.*  David  B.  Bushmore, 

M.  Am.  Inst.  E.  E.    (13)  Oct.  87. 
A  Novel  Armature  Banding  Lathe.*    (17)  Oct.  88. 

The  Siemens-Schuckert  Continuous-Current  Wattmeter.^  Emile  Guarinl.    (19)  Oct.  89. 
The  Water  Power  Plants  of  the  Northern  California  Power  Co.*    ( 14)  Oct.  89. 
Telpherage  Plant  for  Handling  Sand.*    (37)  Oct.  89. 

Crane  Equipment  of  the  Missouri  River  Power  Station,  Kansas  City,  Mo.*    (aj)  Oct.  89. 
Single-Phase  Commutator  Motors.*   Seljiro  Sugiyama.    (37)  Oct.  89. 
Resistance  Boxes  for  Use  in  Precise  Alternating  Current  Measurements.  Geo.  A.  Camp- 

bell.    (a7)  Oct.  89. 
The  Care  of  Storage  Batteries.    John  Howatt.    (64)  Nov. 
New  Powerhouse,  West  Albany  Shops:  New  York  Central  &  Hudson  River  Railroad.* 

(M)  Nov.;  (64)  Nov. 
Electri^  Progress  in  Canada.    George  Johnson.    (10)  Nov. 
Power-House  Location.*    F.  C.  Harding.    (64)  Nov. 

MuWple- Voltage  Control  of  Motors.*    Norman  Gardner  Meade.    (64)  Nov. 
L'Bnergie  Hydro-filectrique,  sa  Production  et  see  Applications.     Paul  L4vy  Salvador. 
^  .  (35)  Serial  beginning  Oct. 

Telpherage  tilectrique.*    fimile  Guarinl.    (36)  Serial  beginning  Oct.  10. 
Usine  de  la  General  Electric  Company  &  Schenectady  (dtats- Urns) .*    ( 33 )  Oct.  88. 
La  Force  Motrice  k  r  Exposition  de  Saint-Louis:  Installation  des  Machines  Motrices.* 

L.  Piaud.    (33)  Oct.  W. 

Marine. 

Messrs.  Beardmore's  New  Shipyard  and  Engine  Works.*    (11)  Oct.  7. 

The  Auxiliary  Power  Yacht  Mollihawk  II*    (11)  Oct.  7. 

The  Effect  of  Torpedo  Explosions  ( on  the  8ado  Maru)*    (11)  Oct.  7. 

H.  M.  S.  Black  PHnre*    { i a)  Oct.  14. 

Protection  of  Metallic  Surfaces  (on  Vessels).    H.  Brandon.    (Abstract  of  Paper  read 

before  the  Inst,  of  Mari ne  Engrrs. )    ( 1  a)  Oct.  81 . 
Fast  Turkish  Protected  Cruiser  ^Mui  Hamid*    (19)  Oct.  89. 
The  Proposed  80  000-Ton  American  Battlechips.    (10)  Nov. 
Warships  of  the  Great  Powers,  a  Study  of  Relative  Costs.    Archibald  S.  Hurd.    (10) 

Nov. 

Mechanical. 

Friction  on  Lubricated  Surfaces.*    Fred.  A.  McKay.    (5)  v.  17,  Pt.  1. 

The  Practical  Use  of  Extensometers.*    K.  M.  Cameron.    (5)  v.  17,  Pt.  I. 

The  Economy  of  Small  Gas  Engines  Using  Montreal  Illuminating  Gas.*    Homer  M. 

_  Jaquays.    (5)  v.  17,  Pt.  1. 

The  Motion  of  Gases  in  Pipes,  and  the  Use  of  Gauges  to  Determine  the  Delivery.* 

Bichard  Threlfall.    (75)  No.  8, 1904. 
Mechanical  Flight.    J.  Emery  Harriman.     (Paper  read  before  the  Boston  80c.  of  Civil 

Engrs.)    (1)  Aug. 
Simple  Steam  Turbme  Engines.*   John  Richards.     (Paper  read  before  the  Technical 

80c.  of  the  Pacific  Coast.)    ( 1 )  Sept. 
Manufacture  and  Testing  of  Portland  Cement.    C.  J.  Wheeler.     (Paper  read  before  the 

Technical  Soc.  of  the  Pacific  Coast. )    ( i )  Sept. 
New  Process  for  Utilizing  Exhaust  Steam.     (From  ElektrotechnUche  Rundschau.) 

(70)  Oct. 
A  New  System  of  Vacuum  Return  Line  Exhaust  Steam  Circulation.    James  A.  Don- 
_  nelly.    ( Paper  read  before  The  Modem  Science  Club. )    (70)  Oct. 
The  Mt.  HoUy  ferick  and  Clay  Co.,  Harrlsburg,  Pa.*    (76)  Oct. 
Air  in  Relation  to  BoUer-Feeds.*     Jas.  Alex.  Smith.     (Paper  read  before  the  Victorian 

Inst,  of  Engrs. )    (11)  Oct.  7. 
The  Wear  of  Blachinery.*    (11)  Oct.  7. 
Notes  on  the  Manufacture  of  Coke.    John  Bell.    (Abstract  of  Paper  read  before  the 

British  Soc.  of  Min.  Students.)    (aa)  Oct.  7. 
Coal-Conveying  Plant  at  a  Manchester  Power  Station.*    (la)  Oct.  7. 
Horse-Power  Computation  for  Petrol  Motors.    C.  C.  Longridge,  M.  L  Mech.  E.    (la) 

Oct.  7. 
Petroleum  as  Fuel.    Boverton  Redwood.    (From  Report  of  the  Royal  Commission  on 

Coal  Supplies.)    (47)  Oct.  8. 
Variety  In^  Steam  Engines.    (47)  Serial^be^lnnlng^  Oct.  8. 


Mechanically-Made  Cores.    George  H.  Wadsworth.    (Abstract  of  Paper  read  before  the 

Amer.  Foundry  men's  Assoc.)  (47)  Oct.  8. 
The  New  Foundry  of  the  Hliles  &  Jones  (Company.*    (ao)  Oct.  18. 


*  niustraied. 
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lVlachaslCid~(Coatlaa«d) . 

The  Calorimetry  of  Ezbaust  Gases.*   B.  Hopklnfloii.    (69)  Oot.  18. 

-Gas,  on  and  Steam  for  Power.*    Michael  Longridce.    (Lecture  before  the  Brltiih  Aseoo. 

of  M^rrs.  of  rextUe  Works.)    (u)  SerUObegfiuiliig  Oct.  14;  (47)  Serial  becrlnnlng 

Oct.n. 
Whitens  Aerial  Wire  Ropeway.*    (11)  Oct  14. 
The  Hardie-Thompeon  Water-Tube  Boiler.*    (la)  Oct.  14. 
Chimney  Action.    W.  H.  Booth.    (a6)  Oct.  14. 
Small  Curtis  Turbines.    Richard  EL  Rice.    (Abstract  of  Paper  presented  before  the 

Amer.  St.  Ry.  Assoc.)    (15)  Oct  14. 
Steam  Turbine  Power  Plants:  Notes  on  their  Equipment  and  Operation.*   J.  R.  BIbbins. 

(Paper  read  before  the  Amer.  St.  By.  AssocO    (17)  Oct  16;  Abstract  (13)  Oct  90. 
Steam  Turbines.*   Richard  H.  Rice.    (Paper  read  before  the  Amer.  St  Ry.  Assoc.)    (14) 

Oct.  15;  (17)  Oct.  16;  Abstract  (13)  Oct.  90. 
High  Speed  Chain  Driving.    ( 14 )  Ckst.  15. 
A  Pin-nate  and  Rivet  Diaicram.*    ( 14)  Oct.  15. 
Steam  Turbines.    (37)  Oct.  16. 

A  Qas  Power  Plant  for  the  Morecambe  Bay  Harbor  Works.*    (14)  Oct.  16. 
The  American  Diesel  Engine.*   E.  D.  Meier.    (Paper  read  htaote  the  Amer.  St.  By. 

Assoc.)    (17)  Oct  16;  Abstract  (13)  Oct.  90. 
;Sherardiztaig:  A  New  Process  for  Protecting  Iron  and  Steel  from  O>rroeion.*    (ao)  Oct. 

Flue  Gas  Testing.*    W.  H.  WhysaU.    (7a)  Oct  90. 

A  Cable  Power  Scraper  for  Earth  Bzcavation.*    C.  Q.  Newton.    ( 13)  Oct  90. 

High  Pressure  Steam  Pipe  Systems:  Being  a  Beriew  and  a  Compeirison  of  Late  Practice 

on  the  Continent  of  Europe  and  in  America.*    (7a)   Oot.  90. 
Test  of  a  Reeves  Simple  Engine.*    (7a)  Oct  90. 
Suction  Gas  Producers.*    (6a)  Oct  90. 
The  Pyrodyen  Steam  Wagon.*    (la)  Oct.  91. 

Brake  Test  of  a  400-Kilowatt  Westtnghouse-Parsons  Steam  Turbine.*    ( 1 1}  Oct.  91. 
Design  of  High-Speed  Enclosed  Steam  Enidnes.*    (la)  Serial  beginninR  Oct  91. 
Steam  Hammers  vs.  Drop  Hammers  for  Pile  Drivers.    (Committee  Bepts.  to  the  Assoc. 

of  By.  SuDts.  of  Bridges  and  Buildings.)    (40)  Oct  91;  (18)  Oct  99;  (13)  Oct.  97; 

The  Future  of  the  Steam  Engine.    G.  F.  Chamock.    (Lecture  before  the  Bradford  Bng. 

Soc.)    (la)  Oct.  91;  (47)  Oct.  99. 
Sewer  Trenching  and  Gas  Mains.    B.  G.  Smithard.    (Abstract  of  Paper  read  before  the 

Eastern  Counties  Gas  Managers'  Assoc.)    (14)  Oct.  99. 
Air  in  Relation  to  Boiler  Feed.    Jas.  Alex.  Smith.    (Abstract  of  Paper  read  before  the 

Victorian  Inst,  of  En^rs. )    (14)  Oct.  99. 
Distributing  Power  Ttiroughout  a  Gas  Works  by  Means  of  Electricity  Generated  at  a 

Central  Point    W.  A.  Baehr.    (Paper  read  before  the  Amer.  Gas  Light  Assoc.)    (a4) 

Oct  94. 
■Concerning  Tube  Cleaners.*    (From  The  Locomotive.)    (6a)  Oct.  97. 
Preparation  of  Alabama  Ck>al  for  Coke  Making.    (Abstract  of  Paper  read  before  the 

EDg.  Assoc,  of  the  South.)    (i6)Oct.  97. 
The  Huber  Hydraulic  Press  at  the  World's  Fair.*    (ao)  Oct.  97. 
Gasoline-Electric  Passenger 'Bus.*    (17)  Oct  90. 
The  Liquid  Fuel  Investigation  of  the  Navy  Department.    (14)  Oct.  90. 
Staybolts.    J.  J.  E wing.    (Paper  read  before  the  BichmondBailroad  Club.)    (18)  Oct.  90. 
Oxide  Purification.    E.  H.  Eamshaw.    (Paper  read  before  the  Amer.  Gas  Light  Assoc.) 

(a4)  Oct.  81. 
The  Generation  of  Steam  by  Waste  Heat  from  Water  Gas  Sets.*    Donald  McDonald. 

(Paper  read  before  the  Amer.  Gas  Light  Assoc.)  (34)  Oct.  81. 
Utilization  of  the  Waste  Heat  from  Water  Gas  Sets  for  the  Generation  of  Steam.*    A. 

B.  Macbeth.    (Prepared  for  the  Amer.  Gas  Light  Aasoc.)    (a4)  Oct.  81. 
The  Gas  Engines  Which  Did  Not  Come  (to  the  Louisiana  Purchase  Exposition).*    Peter 

Eyerman.    (64)  Nov. 
Experiments  with  a  Chamber  for  the  Production  of  a  Hot  Working  Fluid  to  be  Used  in 

the  Generation  of  Power.*    J.  F.  Wentworth.    (64)  Nov. 
The  Hamilton-Holzwarxh  Steam  Turbine.*    (64)  Nov. 
Compression  in  Gas  Engines.*    J.  H.  Massie.    (64)  Nov. 
Piston  Design.*   J.  F.  Nagle.    (64)  Nov. 

Notes  on  Oil  Burners  Using  Compressed  Air.    A.  P.  Hume.    (64)  Nov. 
Strength  of  Blveted  Joints.    (64;  Nov. 
Expansion  Joints.*    S.  T.  South.    (64)  Nov. 
The  Testing  of  Steam  Engines.*    H.  Blall  Sankey  and  C.  Humphrey  Wingfleld.    (9) 

Nov. 
Modem  Types  of  Plate  Planing  Machines.*    Frank  C.  Perkins.    (41)  Nov. 
Air  Pumps.*    W.  H.  Booth.    (64)  Nov. 
The  Adams-Farwell  Gasoline  Motor.*    (41)  Nov.;  (ao)  Nov.  8. 
Henry  &  Wright  SenaiUve  Drills.*    (ao)  Nov.  8. 
The  Putnam  winch  High  Speed  Lathe.*    (ao)  Nov.  8. 
Steam  Turbines.    Bichard  H.  Bice.    (Paper  read  before  the  Amer.  St  By.  Assoc.)  (6a) 

Nov.  8. 
The  Diesel  Engine.*    A.  W.  Oppenheimer.    (From  Technics.)    (19)  Nov.  6. 
Electric  Welding.*    Emile  Guarini.    (19)  Nov.  5. 

*  Illustrated. 
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Macluuilcal-CCoiitliioed) . 

The  Steam  Turbine  In  Operation.    {14)  Nov.  5. 

La  Bdgulation  des  Turbines  H/drauliques.*    M.  L.  Bibourt.    (aa)  July. 

Tubes  sans  Soudure.*    M.  L.  Joubert.    (3a)  July. 

Apparells  pour  rEpuration  de  la  Vapeur  et  de  son  Eau  de  Oondensation.*    (37)  Serial 


beginning  Oct." 
nc  h  Btirer  t 


Banc  k  Btirer  pour  la  Fabricaticm  des  Tubes  en  Fer  Sondes  k  Bapproohement.*   (34) 

Oct.  ^ 

Note  Bur  lee  Dispositif  s  des  Joints  Entre  les  Parties  Fixes  et  Mobiles  des  Bldrateun 

pour  Bateaux.    (30)  Oct. 
B6gulateur  Automatique  d' Alimentation  des  Chaudidres  h  Vapeur,  Systems  A.  Lanne.* 

B.  Michaux.    (34)  Oct. 
Moteurs  k  Oas  Ck>n8truits  par  la  Soci6t6  Fran^aise  de  Constructions  Mtehanlques.    Ch. 

IHuitin.    (33)  Oct.  8. 

Metallarglcal. 

Ore-Handling  Plant  at  the  Clairton  Works  of  the  Crucible  Steel  Company.*-  Chas.  H. 

Wright.    (Paper  read  before  the  Civil  Engineers'  Club  of  Cleveland.)    (1)  Aug. 
Surf  ace  Flow  and  the  Hard  and  Soft  State  in  Metals.    (11)  Oct.  7. 
Ore  Concentration  Plant  at  the  St.  Louis  Exhibition.*    (11)  Oct.  7. 
The  Boiling  of  Sections  in  Iron  and  Steel.*    Adolph  S.  While,    (ao)  Oct.  13. 
Electric  Furnace  for  Manufacturing  Steel.*    (47)  Oct.  15. 
The  Manufacture  of  Steel  Castings.    W.  A.  Herron.    (Abstract  of  Paper  read  before 

theBv.  Club  of  Pittsburg.)    (47)  Oct.  16. 
Qayley  Method  for  Extracting  Moisture  from  Air  for  Furnace  or  Converter.*    (6a)  Oct. 

flO. 
The  Chemistry  and  Metallurgy  of  Copper.    Charles  S.  Palmer.    (16)  Serial  beginning 

The  Huntington-Heberlein  Process.*    Donald  Clarke.    (16)  Oct.  90. 

Ore  Treaunent  at  the  Ivanhoe  Mine,  Kalgoorlie.    H.  J.  Brooke.    (16)  Oct.  80. 

A  California  Chlorination  Plant.*    ( 16 )  ()ct.  90. 

Modem  Methods  of  Steel  Casting.*  Joseph  Homer,  A.  M.  I.  Mech.  E.  (19)  Serial  be- 
ginning Oct.  99. 

Chlorine  in  Metallurgy.  James  Swinburne.  (Abstract  of  Paper  read  before  the  Inter- 
national Elec.  Cong.)    (47)  Oct.  99. 

Chlorination  in  Colorado.*    William  E.  Oreenawalt.    (16)  Oct.  97. 

A  New  Ore-Testing  Plant.*    (16)  Oct.  97. 

The  Bradford-Carmlchael  Process.*    Donald  Clark.    ( 16)  Nov.  8. 

Evaporation  of  Solutions.    (16)  Nov.  8. 

The  Molecular  Changes  from  Pig  Iron  to  Steel.    A.  D.  Elbers.    (6a)  Nov.  8. 

Proprl6t6s,  Classification  et  UtCffBatlon  des  Aciers  Spteiaux  Temaires.*  M.  L.  Ouillet. 
(3a)  July. 

MillUry. 

Transportable  Wireless  Telegraph  Station  for  War  Purposes.*    (46)  Oct.  16. 
British  Hydraulic  Machinery:  Its  Use  in  the  Manufacture  of  Munitions  of  War.*    A.  F 
Fetch.    (10)  Nov. 

Mining. 

The  Industries  of  the  Consolidated  Lake  Superior  Ck>mpany.*    E.  O.  M.  Cape,    in) 

V.  17,  Pt.  1.  --    *  *^       KO/ 

On  the  Methods  of  Worldng  Coal  In  Saxony  and  Austria.*    (aa)  Oct.  7. 

Coal  Winding  Machinery.*    Horace  D.  B.  How.    (From  the  Transactions  of  the  South 

Wales  Inst,  of  Engrs.)    (57 )  Oct.  7. 
Power  Transmission  by  Compressed  Air  in  ttlnes.   B.  W.  Chapman.  (Paper  read  before 

the  Australian  Inst,  of  Min.  Engrs.)  (47)  Oct.  8. 
Stamp  Tappets.*    M.  P.  Boss.    (16)  Oct.  18. 
A  Oreat  Engineering  Problem.*    W.  A.  Lawson.    (16)  Oct.  18. 
Electrically  Driven  Air  Compressors  (for  Mining  Purposes).    (From  BuUeiin  lou  nub 

by  Harrow,  Rickard  &  McCone.)    (16)  a^t.  18.  ^ 

A  Modem  Method  of  Coal  Washing.    C.  A.  Meissner.    (Abstract  from  the  Journal  of  the 

M  inlng  Soc.  of  Nova  Scotia. )    (16)  Oct.  18. 
The  Mines  and  Mineral  Industries  of  Italy.*    Enrico  Bignami.    (9)  Nov. 
The  Tamarack  Hoisting  Engine.*    (64)  Nov. 
Coal  Working  in  Saxony.*    (16)  Nov.  8. 

A  Concrete-Lined  Shaft  for  the  U.  S.  Coal  &  Coke  Co.*  Francis  Donaldson.  (13)  Nov  8 
Visite  de  la  Soci6t6  des  Ing6nieurs  Civils  de  France  aux  Mines  d'Anzin.*    Maurice 

Bouttd.    (3a)  Aug.  ^ 

Notice  sur  la  (Jompagnie  des  Mines  de  Houille  de  Maries  (Pas-de-Calais)  *    M    E 

Suisse.    (3a)  Aug. 
Les  Nouvesux  Evite-Molettes  k  TExposltlon  d* Arras.*    H.  Schmerber.    (33)   Serial 

beginning  Oct  29. 

Miscellaneous. 

Engineering  at  Guy's  Hospital,    (la)  Serial  beginning  Oct.  14. 


*  Illustrated. 


OUBBBKT  BNGIKEBBING  LITBBATUBB.  477 

ManldiMl. 

Losses  In  Undflrgrouiid  MunUdpal  Stractures.     A.  Presoott  Folwell.     (Paper  [read 

before  the  Amer.  Boc.  of  Mun.  ImproTements.)    (14)  Oct.  16:  (60)  Noy. 
A  Munidpal  Laboratory  for  TesUiur  Asphalt  and  Cement.    W.  H.  Broadhunt.    (Paper 

read  before  the  Amer.  Soc.  of  Mun.  improvements.;    (14)  Oct.  15. 
Street  Lighting.   A.  8.  Hatch.    (Paper  read  before  the  International  Assoc,  of  ,Mun. 

BlectridansJ    (24)  Oct.  17. 
A  New  EnKlish  Telephonic  Fire  Alarm.*    Frank  C.  Perkins.    (46)  Oct.  22. 
The  Time  Bequli-ed  to  Baise  Steam  for  Fire  Pumps  from  Cold  Boilers  and  the  Cost  of 

Banked  Fires.*    ( 13)  Nov.  8. 
Some  Koad  Building  In  the  Philippines.*    H.  L.  StCTens.    ( 14)  Not.  5. 
La  CTonstructlon  des  Vllles.*    L.xnoquet.    (31)  Pt  8, 1904. 


The  Kilanea  Plantation  BaUway.*    G.  B.  Ewart.    (a)  ▼.  18,  Pt.  8. 

Transition  Curves.    £.  S.  M.  Lovelace.    (3)  v.  18,  Ft.  8. 

Ball  way  Fencing.    B.  W.  Leonard.    (5)  v.  17,  Pt.  1. 

Some  "nieories  upon  Bailroad  Location.*   J.  G.  O.  Kerry,    (a)  v.  17,  Pt.  1. 

Compound  Locomotives  In  France.*    Edouard  Sauvage,  M.  I.  Hech.  E.    (73)  No.  8, 

Vertical  BaUway  Curves.*   H.  I.  Bandall.    (Paper  read  before  the  Technical  Soc.  of 

the  Pacific  Cfoast. )    ( 1 )  Sept. 
The  Belative  Merits  of  Large  Grates  and  Heating  Surfaces  and  Their  Proportions.* 

(Abstract  of  Com.  Bept  to  the  Amer.  By.  Master  Mechanics*  Assoc.)    (6i>  Sept.  20. 
Negative  Work  of  Back  Pressuie  and  Compression  *   Ira  C.  Hubbell.    v^i)  Sept.  kO. 
Square  Engine  Houses:  Terminal  BaUroad  Association  of  St.  Louis.*    (39)  Oct.;  (18) 

Oct.  16. 
Badial  Staybolts  for  Oil  Burning  Engines.*    I.  C.  Hicks.    (39)  Oct. 
The  Schenectady  Super-Heater  for  Locomotive  Practice.*    (39)  Oct. 
Ten  Wheel  Passenger  Locomotive  with  Wide  Firebox  Boiler:  C.  B.  &  Q.  Lines  West.* 

(39)  Oct. 
Painting  Steel  Cars,  and  Bemoving  Cracked  Varnish.    (Beports  of  Comnuttees  and 

Papers  read  before  the  Master  Oar  and  Locomotive  Painters'  Assoc,  of  the  U.  S.  fmd 

Canada )    (39;  Oct. 
What  Is  the  Best  Material  and  Treatment  for  Locomotive  Front  Ends?     (Papers  and 

Beport  of  Committee  read  before  the  Master  Car  and  Locomotive  Painters'  Assoc,  of 

the  U.  S.  and  Canada.)    139)  Oct. 
Flange  Wear  and  Side  Bearing  Trucks.*    Gustav  Lindenthal.    (63)    Oct. 
Motor-Bogie  for  Electric  Trains.*    ( 1 1 )  Oct.  7. 
Consolidation  Engine.    Tested  at  the  St.  Louis  Exhibition.*    H.  W.  Hanbury.    (11) 

Oct.  7. 
Motor  Cars  for  Light  Passenger  Traffic  on  Steam  Ballways.*    (13)  Oct.  18. 
Circuits  for  Manual  Block  Systems.*    ^.Committee  Bept.  to  the  By.  Signal  Assoc.)    (40) 

Oct.  14. 
Track  Depression  of  the  Chicago  &  Northwestern  BaUway  at  Milwaukee.*  (40)  Oct.  14. 
Notes  on  Equipment  of  the  wilkesbarre  and  Hazleton  BaUway.*    Lewis  B.  StiUwelL 

(Abstract  of  Paper  read  before  the  International  Elec.  Cong.)    (73)  Oct.  14. 
Express  Passenger  Engine,  London  and  North-Westem  BaUway.*    ( ia>  Oct.  14. 
Electric  Goods  Locomotive.*    (11)  Oct.  14. 
Western  Union  BaUway  of  Australia.*    (la)  Oct.  14. 
The  lUmo  Yards  of  the  St.  Louis  Southwestern.*    (13)  Oct.  14. 
The  Stansstad-Engelberg  Electric  Bail  way.*    (15)  Oct.  14. 
The  St.  Louis,  Memphis  A  Southeastern  KaUroad.*    (13)  Oct.  14. 
Pacific  Type  Locomotive,  Southern  Pacific*    (18)  Oct,  16. 
Economy  m  the  Use  of  Steel  Concrete  (Through  a  Bailroad  Embankment).    John  B. 

Warren.    (14)  Oct.  16. 
Standard  Specifications  for  Mechanical  Interlockinsr  Material  and  Construction  Work. 

(Comnuttee  Bept.  to  the  By.  Signal  Assoc.)    (18)  Oct.  16;  Abstract  (13)  Oct.  80. 
The  St.  Louis,  Eaosas  City  &  Colorado  Bailroad.    Now  the  St.  Louis  Division  of  the 

Bock  Island  System.*    J.  L.  Campbell,  M.  Am.  Soc.  C.  £.    (13)    Serial  beginning 

Oct.80:  (13)  Oct.31. 
The  Cole  Balanced  Compound  Locomotive  at  the  St.  Louis  Exhibition.    H.  W.  Han- 
bury, A.  M.  Inst.  C.  E.    (II)    Oct.  81. 
Freight  and  Boundhouse  Doors  and  Fittings.    (Conmiittee  Bept.  to  the  Assoc,  of  By. 

Supts.  of  Bridges  and  Buildings.)    (40)  Oct.  81;  (18)  Oct.  82;  (13)  Oct.  87. 
BaUway  Sleepers,    ^la)  Oct.  81. 
Cost  ot  Concrete  Structures.    U.  M.  Jones.    (Abstract  of  Paper  presented  to  the  Eng. 

Assoc,  of  the  South.;    (13)  Oct.  21. 
New  Compound  Locomotives  in  Bavana.*    Charles  B.  King.    (13)  Oct.  81. 
Cost  of  Ditching  Outs  and  Widening  Embankments.*    (Abstract  of  (3om.  Bept.  of 

the  Boadmasters'  and  M.  of  W.  Assoc.)    U3)  Oct.  81 ;  (13)  Oct.  87. 
Three-Phase  Alternating  Current  for  lUectric  Ballways.    A.  Zelewsky.    (Abstract  of 

Paper  read  before  the  International  Elec.  Cong.)    (13)  Oct.  81. 
PreUmmary  BaUroad  Surveys  by  the  Stadia  Method.^    JT  A.  MacDonald.   (13)  Oct.  81. 
Turning  Steel-Tired  Car  Wheels  at  the  BeadvUle  Shops.*    (40)  Oct.  81. 

*  Illustrated. 
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RallrMd— (Continued). 

Becent  Improyemento  In  Block  Signals.    C.  H.  Piatt    (Abstract  of  Beport  No.  1  for 

Discuaaon  before  the  International  By.  Ck>ng. )    (40)  Oct.  21. 
DelawareJLackawanna  &  Western  Locomotive  and  ()ar  Bepair  Shops  at  Kingsland,  N.  J.* 

Construction  Difficulties  on  the  Ouajraqull  &  Quito  Ballway.*    (14)  Oct.  98. 

Circuits  for  Manual  Block  Systems.*    (Committee  Bept.  to  the  Ballway  Signal  Anoc.) 

(l8^  Oct.  as:  Abstract  (13)  Oct.  90. 
Keyser  VaUey  Shops,  D.  L.  &  W.  B.  B.*    (18)  Oct.  8j8;  (is)  Oct.  98. 
Protecting  Low  Structures  over  Tracks  from  Locomotive  Oases  and  Blasts.    (0>mmlttee 

Bept.  to  the  Assoc,  of  By.  Supts.  of  Bridges  and  Buildings.)    (13)  Oct.  97;  (15)  Oct. 

88;  (18)  Oct.  89. 
Automatic  Block  Signals.    M.  Margot.    (From  Bulletin  of  the  International  By.  Cong.) 

(40)  Oct.  88.  ^        -B/ 

Specifications  for  Air-Brake  Hose.*    M.  H.  Wlckhorst.    (Abstract  of  Paper  read  before 


the  Amer.  Soc.  for  Testing  Materials.)    (i5>  Oct.  98. 
The  Haberlcom  Valve  Mechanism  for  Locorootlyes.*    (is)  Oct 
Passenger  Locomotive  with  Vanderbllt  Tender.*    (46I  Oct.  99. 


The  Use  of  Soda  Ash  In  Locomotive  Tanks.    S.  K.  DIckeraon.    (Paper  presented  before 

the  Central  BaUway  Club.)    ( 18)  Oct.  99. 
Cost  of  Concrete  Consonction  on  the  Nashville,  Chattanooga  &  St.  Louis  By.    H.  M. 

Jones.    (Abstract  of  Paper  read  before  the  EnglneerlngAssoc.  of  the  South.)    (14) 

Oct.  99. 
The  Works  of  the  Locomotive  &  Machine  Co.  of  Montreal.*    (14)  Oct.  29. 
New  Shops  of  the  Pere  Marquette  B.  B.  at  Grand  Baplds,  Mich.*    (18)  Serial  beginning 

Oct.  «8. 
Oil  Burning  (Consolidation  Locomotive,  Southern  Pacific  Co.*    (18)  Oct.  99. 
Electric  Locomotive  Hoist,  Atchison,  Topeka  and  Santa  Fe  Ballway.*    (35)  Nov. 
Variable  Speed  Motors  in  Ballway  Machine  Shops.*   J.  C.  Steen.    (J3)  Nov. 
Painting  of  Steel  Cars.    (Committee  Bept.  to  the  Master  Car  and  Locomotive  Painters' 

Assoc.)    (as)  Nov. 
Two  Bemarkably  Efficient  Wood- Working  Tools,  Grand  Trunk  Ballway.*    (as)  Nov. 
Roundhouse  Cranes  and  Smoke  Jacks.*    ( 33 )  Nov. 
The  Buildlne  of  a  Chinese  Ballway.*    Justin  Bums.    (9)  Nov. 
New  Powerhouse,  West  Albany  Shops:  New  York  Central  A  Hudson  Blver  Ballroad.* 

(JS)  Nov.;    (64)  Nov. 
Powerful  Prairie  Type  Passenger  Locomotives:  Lake  Shore  &  Michigan  Southern  Ball- 
way.*    (as)  Nov. 
Ball  Bearing  Center  Plates  and  Side  Bearings.*    (as)  Nov. 
The  Summers  Gravity  Dump  Car.*    (as)  Nov. 

Highest  Development  of  Air  Brakes,  the  High  Speed  Brake,    (as)  Nov. 
The  Washington  Terminal  Iniprovement:  A  General  Description  of  the  Union  Station 

and  theEUmlnatioD  of  QnAe  Crossings  in  Washington.*    W.  F.  Strouse.    (13) 

Nov.  8. 
Great  Northern  Terminal  Improvements  at  Seattle.*    ( 13)  Nov.  4. 
The  Toung  Valve  and  Gear  for  Locomotives.*    (13)  Nov.  4. 
-    •  i  Bes&ti        -    -  --       


Train  Besutance.*    Chester  A.  Crandell.    (13)  Nov.  4. 

The  Railroad  Cross-Tie  Problem.*    S.  Whlnery.    (is)  Senai  neginning  nov.  4. 

An  Electric  Freight  Locomotive  for  the  Philadelphia  &  Beading  Ballroad.    (17)  Nov.  6. 

An  AU-8teel  CarTraming.*    (17)  Nov.  5. 

Energy  Bequlred  in  Watt-Hours  when  Braking  with  Air.    Frank  B.  Bae.    (17)  Nov.  6. 


An  Ail-Steel  CarTraming.*    (17)  Nov.  5. 

Energy  Bequlred  in  Watt-Hours  when  Braking  with  Air.    Frank  B.  Bae.    (17)  No^ 

The  use  of  Independent  Motor  Cars  on  Ballways.*   Philip  Dawson.    ( 17)  Nov.  5. 


Description  d'une  Cabine  d'Enclenchements  k  Trajecteurs  Pneumatlaues  &  Basse  Pres- 
slon  mlse  k  TEssal  par  la  Compagnle  du  Nord,  dans  la  Gare  d'Ermont.*  M.  E. 
Despons.    (38)  Oct. 

Bouleau  Compreaaeur  &  Vapeur.    (34)  Oct 

Le  Tunnel  du  Slmplon.    L.  Faullain  de  BanviUe.    (36)  Oct.  10. 

Tramway  Blectrlque  avec  M6canisme  d'Adh6rence  h  Boues  Horizontales  et  Ball  Cen- 
tral en  Service  &  La  Bourboule  (Puy-de-Ddme).*    A.  Dumas.    (33)  Oct.  98. 

Railroad,  Street. 

Notes  on  SpUd  Rail  Joints.^  ^^SS^  ?•  Sheardown,  A.  M.  I.  E._£.^  r77)  Sept. 


Methods  of  Dealing  with  Mixed  Systems  of  Traction.    A.  L.  C.  Fell.    ( Paper  read  before 

the  Mun.  Tramways  Assoc,  of  Great  Britain.)    (79)  Oct.  7;  (47)  Oct.  15. 
New  Swiss  Electric  Railway.*    (From  SchtoeizeriscKe  Elektroiechnitche  Zeitachrifi.) 

(73)  Oct.  7. 
South  Lancashire  Tramways.*    (a6)  Serial  beginning  Oct.  7. 
Overhead  Equipment:  Notes  on  its  Construction  and  Maintenance.    J.  M.  McElroy. 

(Paper  read  oefore  the  Mun.  Tramways  Assoc.)    (73)  Oct.  7;  Abstract  (a6)  Oct  7: 

(472  Oct.  15. 
Oars:  Their  Equipment  and  Maintenance.    John  Aldworth.    (Abstract  of  Paper  read 

before  the  Mun.  Tramways  Assoc,  of  Great  Britain.)    (47)  Oct.  b. 
The  Electric  BaUways  of  St.  Louis.*    (17)  Oct  8. 
The  Evolution  of  the  (Street  Ballway)  Industry.*    (17)  Oct.  8. 
The  New  York  Bapld  Transit  Subway.*    ( 17)  Oct.  8. 
Power  Plant  of  the  Intramural  Ballway  at  the  St  Louis  Exhibition.*    (13)  Oct.  18. 

*IUustrated. 
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VallnMd,  Street— (Cootinaed). 

The  Harlem  BWer  Tunnel  Section  of  the  New  York  Bapld  Transit  Ballway.*  (13) 
Oct.  18. 

Worm  Beductlon  in  Electric  Tramway  Equipments."  O.  F.  Domon,  M.  L  B.  E.  (a6) 
Oct.  14. 

8praflrue-Q«neral  Electric  Automatic  Belay  Train  Control  for  Boston  Elevated  Bailway.* 
d.  H.  Hill.    (37)  Oct.  15. 

Steam-Turbine  Power  Plants.*    (14)  Oct.  15. 

The  Mono-Baa  F.  B.  Behr.  (Abstract  of  Paper  read  before  the  International  Cong,  of 
Elec.  Edctb.)    (17)  Oct.  16. 

The  Ideal  Shop.  W.  D.  Wright.  (Paper  read  before  the  Amer.  By.  Mech.  and  Elec. 
Assoc.)    (17)  Oct.  16;  (13)  Oct.  80. 

The  Mandalay  Electric  Tramways.*    (17)  Oct.  15. 

Wheel  Matters.*  T.  Miliar.  (Paper  read  before  the  Amer.  By.  Mech.  and  Elec.  Assoc.) 
(17)  Oct.  16;  Abstract  (13)  Oct.  90. 

Solid  Forged  Steel  Trucks.*    (i8>  Oct.  16;  (6j)  Nov.  8. 

Exhibit  of  the  Westinghouse  Traction  Brake  Company  at  the  World's  Fair.*  (18) 
Oct.  16. 

Freight  and  Express  Business  of  the  Interurban  Bail  way  &  Terminal  Co.    (7  a)  Oct.  00. 

The  Determination  of  Schedules  by  Speed  Templates.*  Howard  S.  Knowlton.  (7a) 
Oct.  80. 

Test  Car  of  the  Oreat  Tramway  Co.  of  Berlin.*    (n)  Oct.  90. 

-Some  Single-Phase  Bailway  Problems.  Paul  M.  Lincoln.  (Paper  read  before  the  Inter- 
national Elec.  Cong.)    (73)  Oct.  21. 

The  Sot's  Koad  Oeneratmg  Station  of  the  Underground  Electric  Bailways  Co.  of  Lon- 
don.*   (73)  Oct.  21. 

BoUing  Stock  on  the  Leek  and  Manifold  Light  Bailway.*    (»)  Oct.  21. 

Power  House  of  the  New  York  Bapld  Trandt  Subway.*    (73)  Serial  beginnixig  Oct.  21. 

Single-Phase  Electric  Traction.  Bion  J.  Arnold.  (Abstract  of  Paper  read  before  the 
International  Elec.  Cong.)    (49)  Oct.  21. 

Bapid  Transit  BaOway  Construction  in  Brooklyn.*    (14)  Serial  beginning  Oct.  22. 

The  Territory,  Construction,  Po^er  Transmission,  System  and  KoUine  Stock  of  the 

_   Oregon  Water  Power  &  BaUway  Company.*    (17)  Serial  beginning  Oct.  22. 

The  Work  of  the  Electric  Bailway  Test  Commission.*    Henry  H.  Norris.    (17)  Oct  22. 

A  New  Design  of  Snow  Plow,  Hartford  Street  Bailway  Company.*    (17)  Oct.  22. 

The  Effect  ot  Changing  the  Q«Btr  Batio  on  a  Series  Bailway  Motor  Sk^uipment.*  J.  C. 
Huffman.    (17)  Oct.  29. 

Bitullthic  Pavement  in  Street  Bailway  Tracks.*    (14)  Oct.  29. 


r  of  the  New  York  Bapid  Transit  Subway.*    (46)  Oct.  29. 
A  New  Design  of  Steel  Motor  Truck  for  Heavy  Electric  Traction  Service.*   (17)  Oct.  29. 
New  Cars  for  Elevated  Service,  Boston  Elevated  Bailroad.*    (as)  Nov. 
Steam  Motor  Cars  used  on  European  Interurbcm  Ballwasrs.*    (17)  Nov.  6. 
A  New  Type  of  American  Double-Deck  Car.*    (17)  Nov.  6. 

Changes  in  German  Electric  Bailway  Practice  During  the  Past  Year.    (17)  Nov.  6. 
The  Westinghouse  Single  Phase,  A.  C.  Bailway  System  for  Interurban  Service.*    (17) 

Nov.  6. 
High-Tension  Trolley  Insulators.*    (17)  Nov.  5. 
LaTraction  par  Courant  Alternatif  Simple,  Systdme  Winter-Eichberg.*    (33)  Oct.  8. 

Sanitary. 

The  Beclamatlon  of  a  Mountain  Swamp.*    Marsden  Manson.    (Paper  read  before  the 

Technical  Soc.  of  the  Pacific  Coast.)    (1)  Sept. 
The  Heatingof  Suites  of  Booms  by  Warm  Water.*   Alfred  Lud.    (From  Wdrme  und 

Heizung.)    (70)  Oct. 
.Some  Odd  Types  of  Ventilating  Fans  *    (70)  Oct. 
Plumbing  a  Police  Station.*    (70)  Oct. 

The  Boyal  Commission  on  Sewage  Disposal,    (la)  Serial  beginning  Oct.  7. 
A  Concrete-Steel  Sewer  at  Harrlsburg,  Pa.*    (14)  Oct.  16. 
The  Sewage  Testing  Station  at  Coluinbus,  O.*    John  H.  Gregory,  Assoc.  M.  Am.  Soc.  C. 

E.  (13)  Oct.  20. 
Scientific  Disposition  of  Sewage.    Charles  F.  Holder.    (46)  Oct.  22. 
The  Use  of  Sulphur  for  Sewer  Hpe  Joints  in  Wet  Trenches.    E.  S.  Bankin.   (60)  Nov. 
The  Pollution  of  the  Passaic  Biver  and  Its  Prevention.    Ernest  Adam.    (Paper  read 

before  the  Amer.  Soc.  of  Mun.  Improvements.)    (60)  Nov. 
Sewage  Disposal  for  Small  Cities  and  Towns.    T.  Chalkley  Hatton.    (Paper  read  before 

the  Amer.  Soc.  of  Mun.  Improvements.)    (60)  Nov. 
^wage  Disposal.    J.  N.  MeCllntock.    (Paper  read  before  the  Amer.  Soc.  of  Mun. 

Improvements.)    (60^  Nov. 
Some  Experiments  with  Ventilating  Fans.*    D.  W.  Taylor.    (13)    Nov.  8. 
The  Disposal  of  Sewage  Sludge  at  Saltley,  England.    ( 14)  Nov.  5. 

Strnctural. 

The  Measurement  of  Direct  Strains  in  Tensile  and  Compressive  Test-Pieces.*    John 

Morrow.    (75)  No.  2, 1904. 
Ooncrete-Steel.*    M.  0.  Couchot.    (Paper  read  before  the  Technical  Soc.  of  the  Pacific 

Coast.)    (I)  Sept. 

*  Illustrated. 
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Strnctaral— (ContlniMd) . 

A  New  Method  of  Buildtng  Construction.*    8.  Oiletti.    (Paper  read  before  the  Technical 

8oc.  of  the  Pacific  Coast. )    ( i }  Sept. 
Manufacture  and  Testing  of  Portland  Cement.    C.  J.  Wheeler.    (Paper  read  before  the 

Technical  Soc.  of  the  Pacific  Coast. )    (i )  Sept. 
Pavins  Brick  for  Besidenoee  and  Public  Buildings.*    (76)  Oct. 
The  Classification  of  Iron  and  SteeL    Albert  Sauveur.    (Paper  read  before  the  Amer. 

Soc.  for  Testing  Materials.)    (47 >  Oct.  8. 
Comparatlye  Cost  of  Wood  and  Steel  Frame  Factory  Buildings.*    H.  G.  TyrreU.  (15) 

Oct.  14. 
A  Difficult  Concrete  Pile  Foundation.*    (14)  Oct.  15. 
The  Power  Plant  of  the  Columbian  Cordage  Company.*    (14^  Oct.  16. 
Detatis  of  Concrete  Piling  at  Washington  Barracks,  D.  C*    (14)  Oct.  16. 
The  Concrete  Pile  Foundation  of  the  U.  S.  Express  Co.  Building,  New  York  City.    (13) 

Oct.  80. 
Methods  of  Preservinar  Timber  and  Piles  in  Structures.    (Conunittee  Bept.  to  the  Assoc. 

of  By.  SuptB.  of  Bridges  and  Buildings. )    (40)  Oct.  81 ;  ( 13)  Oct.  87. 
Testing  Machines  at  the  Boston  Institute  of  Technology.*  Day  Allen  Willey.  (46)  Oct.  88. 
A  New  System  of  Concrete  Piles.*    W.  P.  Anderson.    (14)  Oct.  82. 
A  Long-Span  Boof  Truss  and  Suspended  Floor.*    ^14)  Oct.  88. 
Magnetic  Testing  of  Iron  and  Stee).*    (Abstract  of  Committee  Bept.  to  the  Amer.  Soc. 

lor  Testing  Materials. )    (27)  Oct.  29. 
Concrete  Pile  Foundations  for  a  Power  House  at  Dubuque.*    (14)  Oct.  89. 
The  New  Building  for  the  Cream  of  Wheat  Company.*    Howard  S.  Knowlton.    (14) 

Oct.  89. 
A  Movable  Sectional  Theater  Stage.*    (14)  Oct.  89. 
The  St.  Louis  Cement  Exhibit:  The  Collective  Portland  Cement  Exhibit  and  Model 

Testing  Laboratory  of  the  Association  of  Portland  Cement  Manufacturers.*    (14) 

A  Municipal  Laboratory  for  Testing  Asphalt  and  Cement.*  W.  H.  Broadhurst.  (Paper 
read  before  the  Amer.  Soc.  of  Blun.  improvements.)    (60)  Nov. 

Special  Steelwork  in  Orchestra  Hall,  Chicaro.*    (13)  Nov.  8. 

Experiments  on  the  Weight  of  Crowds.  (From  CentrcUblatt  der  Bauvertoaltung.)  (13) 
Nov.  8. 

Steel  Details  of  a  Large  Dining  Hall*    ( 14)  Not.  6. 

The  Master  Car  Builders'  Drop-Testing  Machine.    (14)  Nov.  6:  (ic)  Nov.  4. 

Nouvelle  Determination  G6om6trique  des  Efforts  oans  les  Poutres  Droites  k  Travdes 
Continues.*    FarldBoulad.    (33)  Oct.  R. 

Essafs  de  Mat^riaux  a  la  Traction  par  dioc.    (33)  Oct.  16. 

Topographical. 

The  Gradient-Telemeter  Level  and  its  Advantages  on  Preliminary  Work.*    B.  W.  Mac- 

intyre.    (5)  v.  17,  Pt.  1. 
Notes  on  Tacheometry:  A  Comparison  of  Systems.*    Arthur  L.  Bell.    (11)  Oct  81. 

Water  Supply. 

An  Estinuite  of  the  Discharge  of  the  St.  Francis  Biver.*    K.  M.  Cameron.  (3)  v.  17,  Pt.  1. 

The  Flow  of  Streams.*    B.  S.  Lea.    (3)  v.  17,  Pt.  1. 

Dam  O>nstruction  and  Failures  During  the  Last  Thirty  Years.  C.  BaiUairgd.  (3)  v.  17, 
Pt.  1. 

Pipes  and  Joints  for  High  Pressures.  Franklin  Biflle.  (Paper  read  before  the  Tech- 
nical Soc.  of  the  Pacific  Coast.)    1 1 )  Sept. 

The  Jet  Pump  as  an  Hydraulic  Apparatus.*  F.  G.  Hesse.  (Paper  read  before  the  Tech- 
nical Soc.  of  the  Pacific  Coast. )    ( 1 )  Sept. 

Notes  on  the ''Hardness'*  of  Waters.    Charles  B.  Walker.    (7)  Sept. 

Permanent  Standards  in  Water  Analysis.*  Lily  Miller  EendsOl  and  Ellen  H.  Bichards. 
(7)  Sept. 

Some  Geologic  Prindples  of  Subterranean  Water  Supply.    F.  J.  H.  Merrill.    (13)  Oct.  80. 

The  Purification  of  Water.    John  M.  Ordway.    (6a)  Oct.  80. 

The  Water-Wbeel  Equipment  In  the  Puget  Sound  Power  Company^s  Plant.*  G^rge  J. 
Henry,  Jr.    (37)  Oct.  88. 

The  New  water-Works  of  East  Orange,  N.  J.*    (14^  Oct.  88. 

The  Use  of  Chopper  Sulphate  to  Prevent  Algal  Growths  at  Hanover,  N.  H.  Bobert 
Fletcher,  Assoc.  Am.  Soc.  C.  E.    (13)  Oct.  87. 

Coagulation  Plnnt  at  the  Settling  Basins  at  St.  Louis,  Mo.    E.  E.  Wall.    (13)  Oct.  87. 

The  Animas  Power  Development  In  Colorado.  .1 14)  C>ct.  89. 

The  Use  of  Soda  Ash  in  Locomotive  Tanks.  S.  E.  Dlckerson.  (Paper  presented  before 
the  Central  Bailway  Club.)    (18)  Oct.  89. 

The  Water  Power  Plants  of  the  Northern  California  Power  Co.*    (14)  Oct.  89. 

A  Favorable  Opinion  on  Copper  Sulphate  for  Treating  Water.  Daniel  D.  Jackspn. 
(Abstract  of  Paper  read  before  the  Amer.  Chem.  Soc. )    ( 14)  Oct.  89. 

The  Nottingham  Water  Works  Pumping  Engine.*    (64)  Nov. 

The  Pollution  of  the  Passaic  Blver  and  Its  Prevention.  Ernest  Adam.  (Paper  read  be- 
fore the  Amer.  Soc.  of  Mun.  Inaprovements.)    (60)  Nov. 

Thawing  OutFrozen  Water  Pipes  Electrically.*    William  Maver,  Jr.    (10)  Nov. 

Cataract  Dam  for  the  Additional  Water  Supply  of  Sydney,  N.  S.  W.*    (14)  Nov.  6. 

*  Illustrated. 
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Water  Sa|>ply-(Coiitlnued). 

The  Boofinff  of  the  Washington  Filter.*    E.  D.  Hardy,  M.  Am.  8oc.  0.  E.    (14)  Not.  6. 
L'£nergie  Hvdro-Electrique,  aa  Production  et  see  Applications.    Paul  L^yy  Salvador^ 
(38)  Serial  beginning  Oct. 

Waterways. 

Tide  Levels  and  Datum  Planes  in  Eastern  Canada.    W.  Bell  Dawson,  Assoc  M.  Inst.  O. 

E.    (B)  V.  17,  Pt.  1. 
Hydraulic  Dredge  King  Edtoard  VII*   A.  W.  Robinson,    (s)  ▼.  17,  Pt.  1. 
The  Montreal,  Ottawa  and  Georgian  Bay  Navigation.*    Q.  H.  Blanchet.    (s)  ▼.  17,  Pt.  1. 
Observations  on  Driving  Piles  with  a  Steam  Hammer.    J.  J.  Welsh.    (Paper  read  before 

the  Technical  Soc.  of  the  Pacific  Coast. )    ( 1 )  Sept. 
A  Great  Engineering  Problem.*    W.  A.  Lawson.    (16)  Oct.  18. 

The  Cost  of  Quarrying  Rubble  and  Dimension  Stone  for  the  Buffalo,  N.  T.,  Stone  Break- 
water.*  Emile  liow,  M.  Am.  Soc.  C.  E.    {13)  Oct  90. 
New  Graving  Dock  at  Hebbum.*    (u)  Oct.  21. 
Conservancy  of  the  Huangpu  or  Shanghai  Biver.    (ao)  Oct.  21. 
The  Design  of  a  Ihir-Dock.    Alfred  W.  Young.    (ADstract  of  Paper  read  before  the 

Junior  Inst,  of  iSagni.)    (14)  Oct.  22. 
The  Drainage  of  Inner  Bashis.  Mississippi  Levee  Ssrstem.*    Chas.  Le  Vasseur.    (From 

Journal  ot  the  Memphis  Engineenr  Soc.)    (13)  Oct.  27.  .^ 

Proposed  Canal  to  Connect  Montreal  with  the  Head  of  Lake  Huron.*    Day  Allen  WUley. 

(19)  Oct  20. 
De  rinfluence  des  Digues  Projetdes  &  TEmbouchure  de  la  Neva  centre  les  Inondatlona 

Maritimesde  Saint-P6tersbourg.    W.  Czamomski.    (31)  Pt.  8. 1904. 
La  NouveUe  Entree  du  Port  de  Salnt-Nazalre.*    L6on  Griveaud.    (35)  Oct. 
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In  view  of  the  fact  that  the  wreck  of  a  well-braced  iron  or  steel 
structure  by  wind  is  exceedingly  rare,  if,  indeed,  there  is  any  previon» 
record  of  snch,  the  destmction  of  part  of  the  so-called  High  Bridge 
over  the  Mississippi  Biver  at  Smith  Avenue,  St.  Paul,  would  seem  to 
be  of  special  interest  to  the  professional  bridge  engineer. 

This  structure,  Plate  XLII,  was  designed  supposedly  to  meet, 
with  a  reasonable  factor  of  safety,  the  maximum  wind  loads  required 
by  a  standard  specification;  and  the  utter  destruction  of  a  portion  of 
it  by  wind  pressure  alone,  in  view  of  this  supposed  margin  of  safety, 
would  lead  to  the  presumption  that  the  standard  requirements  do  not 
produce  a  safe  structure,  unless  it  can  be  shown  by  reasonable  com- 
putation that  there  was  some  weak  joint  or  detail  in  the  frame  which 


Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  Is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedingtj  and,  when  flnaliy  closed,  the  papers,  with  discussioiv 


PLATE  XLII. 

PAPERS,  AM.  80C.  C.  E. 

NOVEMBER,   1904^ 

TURNER  ON 

WIND  PRESSURE  ON  BRIDGES. 


y 


t:: 


Papers.]  WIKD  PBBSSUBB  ON  BBID0B8.  795 

would  insnre  its  desimction  under  the  action  of  forces  not  materially 
greater  than  those  which,  nominally,  it  was  designed  to  withstand. 

The  strnctnre  was  bnilt  in  1887,  according  to  general  plans  pre- 
pared by  the  City  Engineering  Department  of  St.  Paul.  Detailed 
drawings  were  made  by  the  Contractor,  C.  L.  Strobel,  M.  Am.  Boc. 
C.  E.,  and  the  work  was  erected  by  Horace  E.  Horton,  M.  Am.  Soc. 
C.  E.,  of  Chicago,  111. 

The  bridge  is  a  deck  structure  of  wrought  iron,  2  770  ft.  long,  and 
runs  northwest  and  southeast.  The  northwest  portion  of  the  bridge 
is  of  the  viaduct  type,  with  riveted  spans  of  80  ft.  and  plate-girder 
tower  spans  of  40  ft.  Four-leg  towers  alternate  with  two-leg  bents. 
The  portion  of  the  viaduct  over  the  river  consists  of  four  25U-ft.  pin- 
connected  deck  spans  of  the  subdivided  Warren  type,  80  ft.  deep  and 
22  ft.  from  center  to  center  of  trusses.  The  floor  beams  are  at  12  ft.  6 
in.  centers.  The  tower  supporting  the  shore  end  of  the  southeast 
250-ft.  span  has  a  base  of  55  ft.  transversely,  and  of  50  ft.  longitudi- 
nally, and  a  height  of  129  ft.  from  the  top  of  the  pier  to  the  bottom 
chord  of  the  truss.  As  these  trusses  were  80  ft.  deep,  the  roadway  at 
this  point  was  160  ft.  above  the  pier  and  about  180  ft.  above  the  water 
From  this  tower  toward  the  bluff  there  was  one  170-ft.  pin  span  and 
two  60-ft.  plate-girder  spans. 

These  girder  spans,  the  170-ft.  pin  span,  the  supporting  tower,  and 
the  250-ft.  pin  span  were  overthrown,  as  s^own  in  Plates  XLIII, 
XLIVandXIiV. 

The  bridge  carries  a  25- ft.  roadway  and  two  8-ft.  walks.  The  floor- 
ing for  the  roadway  consists  of  a  sub-floor  of  3S-in.  fir  plank  and  a 
wearing  floor  IJ  iu.  thick.  The  plank  for  the  walks  is  2J-in.  pine. 
The  stringers  are  of  steel,  the  roadway  of  nine  lines  of  12-in.  built 
stringers;  the  flanges  are  each  two  L's,  2  by  2  by  fe-^n.,  with  i^e-in. 
webs.     The  stringers  for  the  walks  are  6-in.  X's. 

The  trusses  were  designed  for  a  live  load  of  80  lb.  for  the  roadway 
and  for  the  walks  of  the  25U-ft.  spans,  90  lb.  for  the  170-ft.  span  and 
100  lb.  per  sq.  ft.  for  all  shorter  spans. 

The  lateral  bracing  was  designed  for  a  pressure  of  450  lip.  per  lin. 
ft.  of  bridge,  two-thirds  of  which  was  assumed  to  act  on  the  loaded 
(upper)  chord.  The  towers  and  bents  were  assumed  to  have  a  wind 
pressure  of  150  lb.  per  lin.  ft.  acting  against  them. 

In  addition  to  the  top  and  bottom  lateral  systems,  a  fairly  efficient 
system  of  sway  rods  was  provided  in  the  250-ft.  span,  and  all  the  de- 
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tails  of  the  lateral  and  sway  bracing  seem  to  have  been  well  worked 
out  for  the  type  of  bracing  used. 

Referring  to  Figs.  1  and  2,  Phite  XLIII,  it  will  be  noted  that  the 
250-ft.  span  is  lying  on  its  side,  except  at  the  end  torn  from  its  support 
on  the  two-leg  bent  (still  standing),  and  that  this  end  has  been  given 
a  quarter  twist  in  addition  and  has  fallen  or  has  been  blown  a  consid- 
erable distance  from  the  tower. 

Referring  to  Figs.  1  and  2,  Plate  XLV,  the  plate-gitder  spans  seem 
to  have  been  pnlled  down  the  bank,  and  are  but  little  out  of  the  line 
of  the  viaduct. 

The  tower  frame  which  was  overthrown  was  badly  twisted,  and  the 
position  in  which  the  columns  fell,  together  with  the  manner  in  which 
the  bolts  were  bent  and  broken,  would  seem  to  indicate  that  the 
end  of  the  250-ft.  span  resting  on  the  two-leg  bent  was  first  pushed  off 
its  support,  and  that  the  wind,  acting  on  the  loose  span  with  its  10  000 
or  11  000  sq.  ft.  of  exposed  area  (the  planking  was  well  fastened)  and 
an  extreme  leverage  of  250  ft.,  twisted  from  its  base  the  tower  bent  sup- 
porting the  other  end,  and  the  falling  mass,  in  its  descent,  pulled  the 
girder  spans  down  the  hill. 

If  the  collapse  occurred  as  outlined,  a  few  figures  on  the  twisting 
moment  on  the  top  of  the  tower  may  be  in  order.  Supposing  the  floor 
to  be  at  such  an  angle  to  the  wind  that  the  effective  pressure  is,  say,  10 
lb.  per  sq.  ft.,  then  the  twisting  moment  =  10  X  10  000  x  125  ft.  = 
12  500  000  ft-lb.,  an  amount  far  in  excess  of  the  ultimate  resistance  of 
the  tower. 

The  next  point  which  would  seem  to  invite  attention  is  the  detail 
of  the  connection  of  the  end  of  the  wrecked  250-ft.  span  to  the  two-leg 
bent,  and  the  strength,  or  resistance  of  this  connection  to  uplift  and 
to  lateral  sliding  of  the  shoe. 

Referring  to  Figs.  1  and  2,  Plate  XLIII,  it  will  be  noted  that  there 
is  a  two-leg  bent,  similar  to  the  one  that  supported  the  end  of  the 
wrecked  span,  nearer  the  other  shore,  and,  as  this  seat  was  easily  accessi- 
ble by  a  trap  in  the  floor,  a  suspended  platform  and  an  iron  ladder 
leading  down  to  the  shoe,  it  was  examined  first.  The  end  of  the  250-ft. 
span  corresponding  to  that  which  was  wrecked  was  found  to  rest  on  a 
nest  of  eight  rollers  each  about  2}  in.  in  diameter  with  the  usual 
spacing  bars  on  the  sides. 

The  sole  resistance  to  the  lateral  motion  of  the  rollers  was  a  bar 
riveted  to  the  cap  on  each  side  and  a  recess  in  the  shoe  above,  about  | 
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or  I  in.  in  depth,  as  nearly  as  oonld  be  readily  determined.  Provision 
was  made  for  a  1^-in.  gnard  bolt  on  each  side  of  the  shoe,  a  hole  was 
provided  in  the  column  cap  and  a  long  slot  in  the  side  of  the  shoe. 
No  bolts,  however,  were  in  place.  The  photograph,  Fig.  2,  Plate 
XL VI,  taken  from  the  platform  vertically  above  the  shoe,  shows 
clearly  the  hole  where  this  bolt  shonld  have  been,  on  the  ontside  of 
the  shoe,  on  the  up-stream  side  of  the  bridge;  and  Fig.  1,  Plate  XLYI, 
shows  the  absence  of  the  bolt  on  the  down-stream  side.  The  inner 
sides  of  the  shoes  could  not  be  photographed  conveniently,  but  the 
bolts  were  missing  there  also. 

Fig.  2,  Plate  XLVII,  is  a  photograph  of  the  column  cap  from 
which  the  250-ft.  span  slid  off  on  the  leeward  side  of  the  bridge,  and 
Fig.  1,  Plate  XLVII,  is  a  view  of  the  cap  on  the  windward  side.  Each 
of  these  views  was  taken  looking  diagonally  downward  from  the  end 
of  the  floor  still  standing.  It  may  be  noted  that  but  one  roller  has 
been  left  on  the  windward  cap  while  seven  of  the  eight  remain  on  the 
leeward  cap.  Careful  examination  of  these  photographs  will  show 
that  this  span  was  anchored  down  somewhat  better  than  the  one 
referred  to  above,  and  instead  of  having  no  bolts  at  all,  there  was  one 
on  the  outside  of  the  windward  shoe  which  is  splintered  and  broken 
in  place.  The  appearance  of  the  other  three  holes  is  positive  evidence 
that  there  were  no  bolts  in  any  of  them. 

There  is,  then,  the  resistance  of  this  end  of  the  span,  reduced  to 
the  dead  weight,  and  the  value  of  this  bolt.  If  the  wind  tended  to 
raise  the  windward  truss,  as  it  is  pin-connected  with  the  eye-bar 
bottom  chord  and  diagonals,  the  truss  would  furnish  little  resistance 
to  upward  forces,  and  the  bolt  at  the  end,  being  a  cantilever  from  8^ 
to  4  in.  from  the  center  of  the  shoe  plate  to  the  center  of  the  bearing 
in  the  cap,  would  not  develop  its  shear  value,  but  only  its  bending 
value,  the  insignificant  amount  of  3  000  or  4  000  lb.  or  less. 

An  uplift  on  the  windward  side  would  be  accompanied  by  a  reversal 
of  stress  in  the  bottom  chord,  the  probable  buckling  of  the  chord, 
and,  with  the  slight  resistance  of  the  bolt,  the  shoe  would  be  pulled 
from  the  cap  and  the  rollers  displaced,  as  appears  in  Fig.  1,  Plate 
XLVIL 

A  rough  approximate  estimate  of  the  weight  of  the  span  and  floor 
would  be  in  the  neighborhood  of  2  200  lb.  per  lin.  ft.,  giving  a  reac- 
tion of,  roughly,  140  000  lb.  at  each  support.  As  the  storm  was  a 
severe  one,  it  will  be  assumed,  for  purposes  of  computation,  that  the 
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very  severe  wind  pressure  of  30  lb.  per  sq.  ft.  was  acting  at  an  upward 
angle  to  the  floor  of  30°,  and  the  pressures  will  be  calculated  in 
accord  with  Tin  win's  table. 

Let  a  =  Angle  of  surface  with  direction  of  wind; 

F=  Force  of  wind,  in  pounds  per  square  foot  (assumed  at 

801b.  per  sq.  ft.); 
A  =  Pressure  normal  to  surface  =  -P  sin.  a  ^•®*  «^  «— *; 
(7=  Pressure  parallel  to  direction  of  wind  =  F  sin.  a  *-^  **  **. 
For  a  =  30O,  ^  =  0.66  and  C=  0.33. 

The  direct  uplift  at  each  shoe  =  20.5  X  126  X  0.66  x  80  lb.  = 
50  100  lb.  from  the  wind  on  the  floor. 

The  overturning  force,  (7,  at  each  end  of  the  bridge  =  0.33  X  80  lb.  x 
41  X  125  =  51  200  lb.  from  the  wind  on  the  floor. 

The  uplift  from  C  on  the  windward  shoe  = ^ ,=  70  000  lb. 

The  direct  pressure  on  the  side  of  the  truss  top  chord,  approxi- 
mately, =  30  X  7  =  210  lb.  per  lin.  ft.,  and  ?i?A.ip2ii?=860001b., 

the  uplift  from  the  same. 

As  the  wind  has  been  assumed  to  be  blowing  upward,  this  compo- 
nent on  the  vertical  area  would  give  an  additioual  uplift  of  some 
6  0001b. 

Now,  the  sum  of  these  computed  uplifts  is  162  100  lb.,  or  about 
15^  greater  than  the  reaction  due  to  weight. 

Evidently,  if  the  windward  shoe  is  raised,  there  beiug  no  bolts  to 
hold  down  the  leeward  shoe,  it  would  turn  sufficiently  for  the  recesa 
in  the  shoe  to  clear  the  comer  of  the  rolls  and  then  slide  off  the  cap. 

Allowing  some  slight  resistance  for  the  expansion  connection  of 
the  stringers  to  the  beam,  it  would  seem  safe  to  conclude  that  the 
wind  pressure  assumed  is  10%  greater  than  would  have  been  neces- 
sary to  cause  the  wreck. 

Bough  computations  on  the  laterals,  taking  into  consideration  the 
sway  rods  and  the  action  of  the  four  planes  of  bracing,  would  indicate 
that  they  were  not  strained  much  beyond  23  000  to  25  000  lb.  under 
the  assumed  forces. 

Bearing  in  mind  the  fact  that  the  floor  is  on  a  steep  up  grade,  it 
may  well  be  that  the  angle  of  action  of  the  wind  on  the  floor  was 
greater  than  has  been  assumed,  and,  if  so,  the  necessary  pressure  to 
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canse  the  wreck  might  be  oonsiderably  less  than  the  27  lb.  per  sq.  ft. 
calculated.  Again,  the  probability  is  that  the  assumption  of  a  uniform 
pressure  is  materially  in  error.  Judging  somewhat  by  the  contour  of 
the  bluff  and  the  path  of  the  storm,  it  would  seem  likely  that  the 
maximum  pressure  was  in  the  vicinity  of  the  northwest  end  of  the 
wrecked  250-ft.  span,  and  that  the  adjoining  span  was  saved  by  its 
rigid  connection  to  the  two-leg  rocker  bent.  If  the  pressure  were 
greater  at  the  end,  it  is  evident  that  the  average  pressure  necessary  to 
«ause  the  wreck  would  be  materially  less. 

Such  moderate  pressures  as  have  been  figured  on,  when  their  cu- 
mulated effect  is  concentrated  upon  a  weak  detail,  may  evidently 
produce  results  that  cause  astonishment,  and  the  rash  assumption,  by 
those  whose  training  should  lend  better  judgment,  that  the  pressures 
involved  are  **  exceedingly  great." 

Evidently,  whether  dealing  with  bridges  or  roofs,  stiff  riveted  con- 
struction, with  bottom  chords  and  diagonals  capable  of  taking  re- 
verse stresses  is  to  be  preferred,  and,  in  view  of  the  fact  that,  by  the 
exercise  of  reasonable  skill  in  design,  they  can  be  fabricated  for  a 
tsufficiently  smaller  cost  than  the  pin  type  to  offset  the  additional 
•expense  of  riveting  in  the  field,  they  should  be  preferred  for  all 
moderate  spans,  such  as  250  ft.  or  less,  unless  the  work  is  exception- 
Ally  heavy. 

In  the  provision  for  temperature  stress,  the  expensive  and  fre- 
quently weak  details  often  worked  out  to  avoid  a  harmless  little 
amount  of  temperature  strain,  in  an  effort  to  eliminate  it  entirely, 
is  indeed  surprising;  perfect  double-action  joggle  connections  are  too 
often  introduced  at  the  shortest  possible  intervals,  and  dignified  by 
the  name  of  expansion  joints. 

In  the  present  instance,  for  example,  an  ordinary  sliding  plate 
fitted  with  a  compression  grease  cup  would  probably  move  as  easily 
as  the  badly  rusted  rolls  on  a  rusty  base  and  cap;  while  the  guard 
bolts  would  be  brought  into  actual  shear  and  tension  under  forces 
tending  to  displace  the  shoe  instead  of  inbending  as  with  the  detail 
adopted. 

From  a  careful  examination  of  the  2(-in.  anchor  bolts  of  the  wind- 
ward column  of  the  fixed  bent  under  the  250-ft.  span,  it  would  seem 
that  they  were  without  nuts,  though  this  fact  appears  to  have  had  no 
material  influence  on  the  wreck. 
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In  the  following  paper  an  attempt  is  made  to  show  the  practica- 
bility and  great  desirability  of  reclaiming  the  immensely  rich  swamp 
lands  situated  at  the  months  of  many  rivers,  notably  the  MissiEBippi,. 
and  the  salt  marsh  lands  lying  along  the  whole  seaboard,  lands  than 
which  no  richer  exist  on  the  continent,  and  which  are  pre-eminently 
adapted  to  most  snccessfnl  cultivation  of,  not  only  rice,  but  sugar 
and  all  classes  of  garden  truck,  these  reclaimed  swamp  lands  being  of 
much  greater  agricultural  value  and  capability  than  the  irrigated 
prairies,  which  are  so  popular  at  present  with  rice  growers  in  Louis- 
iana and  Texas. 

The  lands  of  the  Mississippi  Delta,  being  probably  the  largest 
single  body  of  fresh  and  salt  marshes  in  the  United  States,  have  been 
selected  for  examination  and  study,  as  being  without  doubt  the  most 
difficult  of  treatment,  on  account  of  the  low  range  of  the  tides  and  the 
elevation  of  the  river  above  the  land  to  be  reclaimed. 

In  carrying  out  the  plan  of  explaining  the  treatment  of  the  most 

NoTS.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceeding*^  and,  when  finally  closed,  the  papers  with  discussioa 
in  full,  will  be  published  in  TranMctiona, 
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difficult  cases,  from  which  it  is  easy  to  change  the  modus  operandi  to 
suit  more  adyantageous  conditions,  the  writer  has  based  his  computa- 
tions on  rice  culture,  as  requiring  more  irrigation  water,  and  conse- 
quently more  pumping,  to  irrigate  or  de-water.  The  plans  can  be 
readily  modified  to  suit  other  conditions  and  localities. 

The  writer  has  lately  been  engaged  to  make  examinations  and  to 
report  on  the  reclamation  of  500  000  acres  of  the  Mississippi  Delta 
lands. 

Location  and  Ohabagteb  of  Lands  of  the  Mibsissiffi  Delta. 

The  lands  selected  for  discussion  include  the  salt  and  fresh  marshes 
and  swamp  lands  in  the  Parishes  of  Plaquemines,  St.  Bernard,  Jeffer- 
son, La  Fourche,  Terrebonne,  Orleans,  St.  Charles,  St.  Mary,  Iberia, 
St.  John  the  Baptist,  St.  James,  Assumption  and  Ascension.  The 
conclusions  and  methods  are  also  applicable  to  large  portions  of  Ver- 
milion and  Cameron,  and  the  lower  parts  of  the  Louisiana  and 
Florida  parishes,  as  well  as  all  deltas  and  salt  marshes. 

Most  of  these  lands  are  open  fresh  marsh,  merging  gradually  into 
salt  marsh  at  the  southern  end,  and  covered  only  with  grass.  They 
are  entirely  free  from  trees  or  bushes,  except  for  a  narrow  margin 
along  the  bayous  and  a  few  scattering  *<  chdnidres,"  or  oak  islands,  and 
ridges  in  the  marshes,  which  in  Florida  would  be  called  ''ham- 
mocks.'* 

These  lands  are  from  6  in.  to  10  ft.  above  Mean  Qulf  Level,  the 
great  majority  being  about  2  ft.;  and  their  drainage  must  be  effected 
by  pumping,  as  is  the  general  custom  in  this  region,  where  too  low  to 
drain  by  gravity. 

The  soil  is  composed  of  the  rich  alluvium  brought  down  and  de- 
posited by  the  Mississippi  River  during  past  ages,  and  is  inexhaust- 
ible in  fertility.  Probably  no  richer  agricultural  soil  exists  on  the 
Continent  of  North  America. 

The  writer  caused  numerous  borings  to  be  made,  and  tested  the 
soil,  personally,  in  several  places.  The  borings,  made  for  the  New 
Orleans  and  Qulf  Ship  Canal  and  Locks,  show  it  to  consist  of  black 
clay,  sand  and  silt  for  a  depth  of  more  than  80  ft. ,  or  as  far  down  as 
the  borings  extended,  intermixed  in  varying  proportions,  the  silt 
being  composed  largely  of  vegetable  matter.  The  State  Commissioner 
of  Agriculture  says  of  these  parishes  :  <<The  soil  is  exceedingly  rich 
and  productive. " 
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Methods  of  Bigb  Cui/nYATioN. 

In  the  cultiyation  of  rice  in  the  United  States,  two  methods  are 
now  followed,  the  older  being  that  in  vogne  in  the  lowlands  of  the 
Oarolinas  and  Georgia.  The  modem  method  is  radically  different, 
and  was  first  essayed  in  the  new  rice  fields  on  the  elevated  prairies  of 
western  Louisiana  and  eastern  Texas. 

In  the  first  case,  large  quantities  of  water  are  used  in  irrigating  the 
rice,  and  are  considered  absolutely  necessary,  the  fields  being  low, 
swampy,  and  having  to  be  embanked  to  keep  them  from  being  over- 
fiowed.  In  the  later  or  modem  method,  comparatively  small  quanti- 
ties of  water  are  used.  It  is  all  pumped  or  obtained  from  artesian 
wells,  and  is  used  to  irrigate  the  dry  prairies.  These  fields  are  em- 
banked to  keep  the  water  in.  In  the  first  case,  the  irrigation  water  is 
put  on  the  fields  by  gravity,  and,  in  most  oases,  has  to  be  pumped 
•off.  In  the  latter,  the  water  is  generally  pumped  on,  and  is  drawn 
off  by  gravity. 

By  the  old  plan,  the  watering  extends  over  95  days,  whereas  the 
modem  practice  proves  that  68  days  is  sufficient,  if  the  water  is  put 
on  at  the  right  time. 

MbTHOI>S  of  BbOIiAMATIOII. 

The  methods  pursued  in  reclaiming  land  for  rice,  cane  and  vege- 
tables are  essentially  the  same.  The  important  thing  is  to  control  the 
water  supply  and  the  drainage,  protect  the  land  from  the  overflow  of 
salt  water  and  crevasse  water  by  ample  protection  levees,  and  make 
the  lands  long  and  narrow  so  that  they  can  be  worked  by  machinery 
and  yet  be  well  drained. 

Lands  close  to  the  Mississippi  Biver  can  be  reclaimed  naturally  at 
less  cost  than  those  at  a  greater  distance,  as  the  irrigating  water  can 
be  taken  over  the  levee  in  siphons  and  put  on  the  land  with  little 
trouble  by  short  ditches.  For  lands  farther  away,  wooden  flumes 
must  be  built,  in  some  cases,  to  cross  intervening  bayous,  and,  in 
some  instances,  pipes  must  be  laid.  As  long  as  the  supply  is  taken 
from  the  Mississippi  Biver.  either  by  siphons  or  by  pumps,  there  will 
be  no  lack  of  water  for  these  plantations,  but  the  quantity  to  be 
pumped  will  be  influenced  largely  by  the  rainfall,  for,  during  some 
months,  the  rainfall  on  the  tract  may  be  sufficient  without  recourse 
to  pumping  at  all,  and,  on  the  other  hand,  in  those  places  so  low  that 
the  water  cannot  drain  off  by  gravity,  it  may  be  so  much  in  excess  of 
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AND  Fixed  Shoes  of  250-Ft.  Spans  on  Rocker  Bent,  Showing  ' 
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tthe  needs  of  the  crop  as  to  make  it  necessary  to  pnmp  it  ofL  In  other 
•cases,  the  supply  cannot  be  by  gravity,  bnt  all  irrigating  water,  as 
-well  as  drainage  water,  most  be  pnmped  from  the  river,  canal  or  bayou. 

The  daily  rise  of  the  lunar  tide  on  this  part  of  the  Qulf  Coast  is 
1.4  ft.  When  draining  for  rice,  the  water  table  in  the  ditches  needs 
to  be  only  1  ft.  below  the  ground  surface,  when  drawn  down;  for 
alfalfa,  2  ft.;  for  sugar  cane,  8  ft.;  and  for  garden  vegetables  and 
fruits,  from  1  to  5  ft. 

If  the  land  is  intended  for  rice,  it  will  drain  by  gravity  when  the 
surface  of  the  ground  is  1(  ft.  above  low  water,  provided  the  drainage 
sluices  are  of  the  right  size,  and  the  rise  and  fall  of  the  tide  is  not  less 
than  about  IJ  ft.  For  alfalfa,  the  land  must  be  2)  ft.  above  low 
^ater;  for  cane,  3)  ft. ;  and  for  vegetables,  from  2}  to  5^  ft.,  according 
to  the  variety.  Lands  below  these  levels  will  have  to  be  kept  dry  by 
.pumping  during  the  cropping  season. 

HtGBOMKTBIO  GONDITIOK& 

Taking  rice  for  example,  the  months  during  which  water  is 
required  for  irrigating,  in  the  vicinity  of  New  Orleans,  are  as  shown 
in  Table  1.  This  table  also  shows  the  quantities  required,  and  the 
average  length  of  time,  with  the  mean  rainfall,  for  the  same  months, 
being  the  mean  of  eleven  circumjacent  stations  for  the  last  six  years 
(1897-1902). 

TABLE  1. — ^Months  in  which,   in  the  Vicinitt  op  New  Okleans, 
Wateb  is  Bbquibed  fob  Rice  Ihbigation. 


New 
MvraoD. 

Old 
Mbthod. 

i 

Month. 

1 

1 

u 
y 

'I 

IS 

H 

0 

..SO) 

■3 

1 

8 

'V 

88 
45 
15 

96 

H 

1 

Remarks. 

March 

April 

10 

90 

<», 

81 
9 

96 

6.86 

6.17 
6.88 
6.19 

26.78 

Water  used  in  April  is  put  on  in  March,  in 
old  method.    For  4  out  of  Qie  last  6  years  there 
has  been  lees  than  8  in.  ralnfaU  In  May,  and 
for  8  years  less  than  1  in.  in  June.    The  means 
for  New  Orleans  cover  88  years;  for  Houma,  18; 
for  Lawrence,  10;  Reserve,  1. 

^y..;.:::;::: 

June 

July 

August 

0(B1) 

4  7?     ik 

17, W    18 

Total,  includ- 
ing rainfall. 

81.88 

m 
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By  Table  1  it  appears  that,  taking  the  average  for  the  last  six  years^ 
there  has  only  been  one  month  (May),  during  the  rice  growing  season, 
when  sufficient  water  has  fallen  for  the  use  of  the  crop  by  the  old 
method,  and  bnt  half  of  the  time  by  the  new  method.  Also,  the  new 
requires  only  2S%  as  much  water  as  the  old  method,  and  requires  onl^ 
M%  as  many  days  of  pnmping. 


TABLE  2.— Evaporation  Obsebvationb  at  New  Obleans,  La. 
Authority:  United  States  Signal  Service. 


Tear. 

INCBB8  OF  EVAPORATIOK  FORI 

Total 

for  the 

year. 

April. 

May. 

June. 

July. 

AugUBt. 

1888 

88S0 
8.790 
4.100 

0.880 

7.960 

1688 '. 

1888 

8.800 

4.200 

46.400^ 

1887 

4.100 
8.700 

4.800 
8.900 

1889 

8.800 

Means 

8.800 

4.S00 

4.977 

7.896 

7.058 

87.428t 

*  Computed  for  the  fiscal  year.  1887-88. 

1 1^.428  in.  » total  for  5  months'  observation  (158  days)  »  0.179  In.  per  day. 

Now,  take  the  evaporation  into  consideration.  Assuming  that  the 
means  of  the  fragmentary  observations  of  the  U.  S.  Signal  Service^ 
which  are  all  that  are  available,  at  this  time,  are  approximately  correct^ 
and  considering,  also,  that  it  is  better  to  err  on  the  safe  side,  it  ap> 
pears  that  the  mean  evaporation  is  greater  than  the  mean  precipitation 
in  May,  July  and  August,  and  about  equal  to  it  in  June,  while  in 
April  the  precipitation  is  considerably  in  excess,  as  shown  by  Table  3. 

The  records  for  New  Orleans  alone,  extending  back  for  32  years,, 
show  a  mean  annual  rainfall  of  57.54  in.,  and  the  mean  for  the  last  & 
years  is  only  49.63  in.,  while  the  mean  for  the  first  8  years  (1871  to 
1878,  inclusive)  is  66.98  in.  This  seems  to  show  cycles  of  about  20 
years,  the  minimum  having  occurred  in  1891,  and  the  present  time 
being  on  an  ascending  node. 

Desmond  FitzG^rald  and  J.  James  R  Croes,  Past-Presidents,  Am. 
Soo.  0.  E.,  and  Professor  Russell  agree  that,  in  the  latitude  of  New  En- 
gland and  the  Middle  States,  the  evaporation  from  water  surfaces  ia 
about  equal  to  the  rainfall,  taking  one  year  with  another.    Owing  to 
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Fio.   1. Smith  Ave.   Viaduct.    View  Lookinq  Diagonally  Downward  on 

Windward  Column  Cap,  From  Which  thb  Corner  op  thk  250- Ft.  Span 
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Bolt  Holding  it  in  Place. 


Fig.  2.— Smith  Avk.  Viaduct.    View  Looking  Diagonally  Downward  on  Lee- 
ward Column  Cap  From  Which  the  Shoe  of  the  250- Ft.  Span  Slid  Off. 
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the  greater  humiditj  in  the  South,  it  appears  to  be  less.  The  evapo- 
ration for  the  entire  year,  at  New  Orleans,  is  given  by  the  U.  S.  Signal 
Service  at  45.40  in.  Id  1887-88.  According  to  the  observation  of  the 
New  Orleans  Sewerage  and  Water  Board,  taken  for  a  few  months  only, 
it  wonld  not  exceed  2  in.  The  Signal  Service  observations  agree  more 
nearly  with  other  authorities. 

The  quantity  of  evaporation  given  in  Table  2  is  0.179  in.  per  day 
for  the  5  months  observed.  The  Signal  Service  officers,  however, 
state  that,  in  their  opinion,  their  figures  should  be  reduced  20%, 
making  the  quantity  per  day  0.143  in. 

General  Gillmore  estimated,  from  observations  taken  on  some  open 
ponds  in  Florida,  0.300  to  0.250  in.  per  day. 

The  experiments  of  the  United  States  Department  of  Agriculture, 
at  Crowley,  La.,  and  in  Texas,  give  a  mean  of  0.225  in.  per  day  for  67.5 
days.* 

Evaporation  is  very  largely  dependent  upon  the  wind,  and  this 
region  is  completely  open  to  wind  and  sun.  From  experiments  made 
by  the  U.  S.  Signal  Service,  it  appears  that,  with  the  wind  blowing 
with  different  velocities,  the  effects  shown  in  Table  4  were  produced,  as 
compared  with  quiet  air. 

Htdbolooig  Conditions. 

Owing  to  all  these  lands  being  below  the  level  of  the  Mississippi 
Biver,  with  the  drainage  away  from  the  river  instead  of  toward  it,  and 
the  lands  themselves  being  a. dead  level,  there  is  practically  no  water- 
shed to  be  considered.  Farther,  the  level  of  the  land  is  so  low  that 
there  can  be  no  loss  of  water  by  filtration,  and  the  soil  is  so  retentive 
that  very  little  mfiltration  need  be  expected,  even  in  those  lands  lying 
below  the  level  of  the  water  outside  the  protection  levees.  At  least, 
that  is  the  experience  with  reclaimed  lands  in  the  vicinity.  Then,  only 
the  effects  of  rainfall  and  evajDoration  have  to  be  considered. 

The  cultivation  of  rice  requires  more  water  than  any  other  crop, 
therefore  it  has  been  selected  for  this  discussion. 

Bice  cultivation,  on  the  high,  level  prairie  lands,  like  those  of 
Crowley,  La.,  and  in  Texas,  and  on  the  low  lands,  such  as  those  of 
Georgia  and  the  Carolinas,  and  those  comprised  in  this  belt,  is  very 
different  as  practised  in  the  different  localities. 

^Bulletin  118,  Dept.  of  Agriculture,  Offlce.of  Experiment  Stations,  pp.  28,  et  »eq. 
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TABLE  4.~£FFBCfr  ov  Wikd  on  Etapobahov. 


Velocity  of  wind,  in 
mileii  per  hour. 


5 

10 
15 


Evaporation,  num- 
ber ox  timee  greater. 


S.S 
88 

4.9 


Velocity  of  wind,  in 
milee  per  hour. 


80 
85 
80 


Evaporation,  num- 
ber ot  times  greater. 


5.6 
6.1 
6.8 


In  Crowley,  La.,  and  in  Texas,  the  average  length  of  the  season 
dnring  which  water  is  nsed  is  only  68  days,  during  which  time  the 
water  is  tnmed  on  for  only  10  days,  while  in  the  low  lands  of  (Georgia, 
and  the  Carolinas,  it  is  the  custom  to  supply  water  at  intervals  during, 
a  season  of  144  days,  during  which  time  the  water  is  turned  on  for  95 
days,  the  quantity  in  the  former  case  being  only  27.66  in.,  as  against  96 
in.  in  the  latter,  the  rainfall  being  included  in  each  case.  The  quan- 
tity of  water  furnished  in  the  latter  case  would  be  only  29  in.,  if  it  were 
not  for  the  fact  that  during  the  <*  harvest  flow  '*  the  water  is  changed 
six  times,  or  every  10  days,  to  prevent  it  from  becoming  stagnant. 

The  ''harvest  flow,"  according  to  the  practice  in  Georgia  and  the 
Carolinas,  is  kept  on  for  65  days,  steadily,  while  in  Crowley,  La.,  and 
in  Texas,  it  is  only  kept  on  for  about  32  days. 

These  methods  may  be  designated  the  new  and  the  old  practice. 
The  Crowley  and  Texas  method  is  the  new,  and  the  other  the  old.. 
The  former  marks  a  new  era  in  rice  growing,  and  has  exploded  the  old 
and  erroneous  ideas  that  enormous  volumes  of  water  are  needed  to* 
irrigate  rice  and  that  evaporation  is  excessive  along  the  Chilf  Coast. 

As  a  matter  of  fact,  numerous  observations  prove  that  it  is  less 
there  than  in  many  other  places. 

The  mean  raiafall  for  July  and  August  is  1.59  in.  more  on  this  tract, 
than  at  Crowley,  while  the  total  annual  rainfall  on  this  tract  is  2. 34  in. 
more,  taking  the  mean  of  14  years. 

It  has  been  demonstrated  conclusively  that  abundant  crops  of  rice 
can  be  raised  on  the  new  plan,  and,  therefore,  the  writer  has  adopted 
it  in  his  estimates  of  water  and  pumping. 

In  the  new  method  no  water  is  put  on,  from  the  time  of  planting 
for  2  or  3  months,  or  up  to  about  the  middle  of  June,  dependence- 
being  placed  on  the  rains  to  sprout  the  seed. 

It  appears  from  Table  1  that  water  is  supplied  to  the  rice  on 
32}  days,  but  part  of  this  is  rainfall;  so  that,  leaving  out  the  rainy 
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days,  there  are  only  10  days  in  the  season  when  pnmping  is  required, 
in  years  of  normal  rainfall.  This  inclndes  also  the  quantity  lost  by 
evaporation.  Therefore,  it  appears  that  the  pnmping  of  water  for 
irrigation,  even  if  all  the  water  had  to  be  pnmped,  would  not  be  a 
matter  of  very  heavy  expense,  even  for  rice,  and  it  is  lees  for  all  the 
other  crops. 

Next,  consider  the  length  of  time  dnring  the  rice-growing  period 
when  siphons  can  be  nsed.  This  will  depend  largely  on  the  location, 
for,  the  lower  this  location  is  down  the  river,  the  lees  the  river  is 
elevated  above  sea  level  and  the  level  of  the  marshes,  and,  therefore, 
the  less  the  fall  for  the  siphons  and  the  shorter  the  time  dnring  which 
they  can  rnn. 

Table  5  shows  the  highest  and  lowest  water  and  the  mean  elevation, 
above  Mean  Gulf  Level,  of  the  Mississippi  River  at  New  Orleans  for 
8  years.  Also,  the  number  of  days  in  each  month  that  the  river  was 
1  ft.  or  less  above  Mean  Gulf  Level.  This  table  is  taken  from  the 
hydrographs  of  the  river,  made  in  the  office  of  the  State  Engineer  of 
Louisiana,  from  the  Bulletins  of  the  U.  S.  Weather  Bureau. 

TABLE  5. — Heiqhts  of  the  Mississippi  Riveb,  at  New  Oblibans, 
ABOVE  Mean  Gulf  Level,  fob  the  Yeabs  1890  and  1897  to  1903, 
Inclusive. 


Last  day  of  month. 

Lowest. 

Highest. 

Mean. 

No.  of  days 
1ft.  and  IMS. 

Oct.  81 

0.8 
1.0 
1.7» 
2.6 
8.9 
8.9 
8.8 

a.oot 

0.7 
0.6 
2.1 
1.8 

4.9 
5.4 
9.7 
18.7 
16.8 
17.8 
1H.6 
18.6 
4.2 
11.4 
14.8 
12.8 

2.2 
2.7 
8.9 
5.6 
8.4 
11.7 
18.9 
10.6 
2.2 
8.0 
7.9 
5.5 

s* 

Sept.  80 

Aug.  81 

0 

July  81 

0 

June  80 

0 

May  81 

0 

Apr.  80 

0 

Mar.  81 

0 

Nov.  80 

10 

Dec.  81 

? 

Feb.  28 

Jan.  81 

0 

Mean 

2.4 

12.8 

6.4 

'1900. 


tl897. 


Table  5  Bhows  that  there  is  not  a  day  during  the  rice-growing 
season,  from  March  to  September,  that  the  river  is  not  1  ft.  or  more 
above  Mean  Gulf  Level  in  the  vicinity  of  New  Orleans,  the  lowest 


Papers.] 


BECLAMATION  OF  BIYBR  DELTAS. 


809 


water  rangiDg  from  1.7  ft.  in  August  to  2.0  ft.  in  March,  and  the  mean 
height  averaging  from  3.9  to  18.9  ft.  above  Mean  Gulf  Level. 

Theoretically,  a  siphon  shonld  rnn  if  the  water  in  the  river  is  only 
a  film  higher  than  that  in  the  marsh,  but,  in  practice,  it  is  found  that 
it  is  impossible  to  make  joints  so  tight  that  some  air  will  not  leak  in. 
Also,  air  is  disengaged  from  the  water,  and  it  is  stated  by  prominent 
engineers  who  have  had  experience  with  siphons  in  that  locality, 
where  they  are  in  common  use  to  take  water  from  the  river,  as  far 
down  as  the  writer  went,  or  about  to  Buras,  than  1  ft.  difference  in 
level  is  about  the  practical  working  limit. 

Table  6,  taken  from  the  records  of  the  U.  S.  Mississippi  Biver 
Commission,  shows  the  number  of  days,  with  dates,  when  the  river 
has  been  1  ft.  or  less  above  Mean  Gulf  Level  at  the  Garrolton 
Gktuge,  New  Grleans,  from  1850  to  1902,  inclusive. 


TABLE  6. — NuMBEB  of  Days  when  the  Mississippi  Bivbb,  at 
CABBoiiTON  Gauob,  Hab  Bbbn  1  Ft.  ob  Less  above  Mean  GuiiF 
Levbii. 


Date. 

Lowest. 

Date. 

Lowest. 

Nov.  18,1860 

— 0.(B 
-H).07 
-1-0.47 
-0.18 
-0.68 
—0.68 
-0.«J 
-1.78 
-0.21 
-0.28 
-0.28 
-1.88 
-1.58 
—0.18 
-0.83 
-0.98 
+0.17 
-f0.17 
-0.67 
--0.87 
--0.17 

Oct.  84, 1886 

4-0.77 

Nov.  *!,  1861 

Nov.  27,1886 

-0.68 

Feb.  4,  1%8 

Nov.20,1887 

—0.88 

Dec.  80,  1854 

Jan.  10, 1888    

-0.88 

Nov.  6,  7,  9, 1858 

Oct.  16-89,  1888 

—O.OB 

Nov.  18,  l«\9 

Nov.  9-11, 1889 

-1-0.27 
-0.18 

Oct.  18, 1860 

Oct.  21, 1891 

Dec  87,1872 

Nov.  21, 1882 

-I-O.08 
+0.17 
—0.18 

Nov.  30,  1878 

Dec.  8, 1898....'.' '.'.. 

Nov.  24,1874 

Nov.  15,  1894 

Nov.  18,  1875 

Jan.  1.  1896 

—0.18 

Dec.  30, 1876 

Nov.    9,10,12,24,1895 

Oct.  9.  11,1896 

—0.08 

Jan.  9, 1877 

+0.62 

Oct.  7,  22,  84, 1877 

Nov.27,1897 

32.08 

Nov.  22, 1878 

Jan.  1,  2,1898 

+0.87 

Nov.  24. 1879 

Nov.  4,  1899 

—0.18 

Nov.  8, 1880 

Jan.  21,1900 

+0.67 

8ept.  10,  1881 

Dec.  18,1901 

Nov.  8, 1888 

Dec.  21, 1901 

—0.14 

Oct.  15,  1888 

Mar.  17, 1902 

+0.97 

Dec.  2,  5,1884 

Table  6  shows  that  for  the  last  52  years  there  have  only  been  58 
days  when  the  river  was  as  low  as  1  ft.  or  less  above  Mean  Gulf  Level, 
or  about  1  day  per  year.  It  also  shows  that  these  low  stages  have  oc- 
curred in  the  months  of  October,  November,  December  and  January, 
with  two  exceptions,  one  of  which  was  in  September  and  the  other  in 
February,  all  being  months  when  no  water  is  required  for  rice,  unless 
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it  should  be  attempted  to  raise  two  crops,  as  is  sometimes  done.  In 
that  case  the  river  records  show  that  in  52  years  a  total  of  30  days 
might  be  expected  when  the  water  would  be  too  low  to  siphon  in  No- 
.yember,  10  days  in  December  and  6  days  in  January,  or,  on  the  average, 
a  little  more  than  }  day  in  November  every  year  with  a  possibility  of 
10  days,  1  day  in  December  every  5  years  with  a  possibility  of  TJ  days, 
and  one  day  in  January  in  every  8}  years. 

The  study  of  these  records  shows  conclusively  that  siphons  can  be 
depended  upon  for  irrigation  in  the  vicinity  of,  or  above,  New  Orleans, 
the  year  round,  and  no  pumps  will  be  required.  This  supposes,  of 
course,  that  the  ditch  or  irrigating  canal  is  brought  ap  to  the  levee  on 
the  land  side,  with  the  water  at  Gulf  Level.  The  mean  rise  and  fall 
of  the  tide  at  Grand  Pass  is  1.4  ft.  If  the  canal  is  fairly  straight  and 
unobstructed  the  rise  of  the  tide  at  the  levee  should  be  about  1  ft., 
which  would  give  a  5-in.  fall  at  low  water,  and  would  give  sufficient 
grade  for  the  canal  to  discharge  on  the  land  at  all  times  from  half-tide 
ebb  to  half-tide  flood,  a  period  of  nearly  6  hours,  on  the  average,  but 
variable.  Land  which  is  1  ft.  or  more  above  Mean  Gulf  Level  could 
not  be  covered  at  the  extreme  low- water  stage  of  the  river.  The  grade 
would  be  greater  at  spring  tides,  as  the  tide  falls  lower. 

The  level  of  the  Gulf  is  influenced  greatly  by  the  winds,  and  some- 
times it  falls  nearly  2  ft.  below  the  Mean  Low- Water  plane,  owing  to 
Along  succession  of  northerly  winds,  which  lower  the  water  near  the 
shore.  On  the  other  hand,  it  has  once  risen  6.3  ft.  above  Mean  Gulf 
Level,  or  7.0  ft.  above  the  plane  of  Mean  Low  Water,  owing  to  an  extra- 
ordinary storm.  Of  course,  at  such  a  time  the  siphons  would  not  work, 
but,  as  such  high  waters  always  occur  during  storms  and  are  accom- 
panied by  rain,  no  irrigation  water  is  needed.  When  the  storm  sub- 
sides the  water  recedes  and  the  siphons  resume  their  work. 

Table  7  shows  the  monthly  means  of  the  highest  and  lowest  water 
at  Ft.  Jackson,  and  the  number  of  days  it  was  down  to  only  1  ft.  or 
less  above  Mean  Gulf  Level,  during  the  rice-growing  season  of  6 
months,  March  to  August,  inclusive,  for  the  years  1897  to  1902,  in- 
clusive, collated  from  the  Mississippi  Biver  Commission's  daily  gauge 
readings. 

Table  8  shows  the  extreme  high  and  low  water  above  Mean  Gulf 
Level,  at  Ft.  Jackson,  for  the  whole  year,  from  1891  to  1902,  inclusive, 
from  the  reports  of  the  Mississippi  Biver  Commission. 
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TABLE  7. — Monthly  Means  op  Highest  and  Lowest  Watbb  in  the 
MississiPFi  RiYBB  at  Ft.  Jackson,  dubing  Six  Months  of  Each 
Yeab  fbou  1897  to  1902,  Inclusivb. 


March. 

Aprtl. 

May. 

June. 

July. 

August. 

Year. 

H. 

L. 

H.    !    L. 

\ 

H. 

L. 

H. 

L. 

fl. 

L. 

H. 

L. 

larr 

5.1 
8.8 
4.8 
4.1 
8.1 
4.5 

8.6 

1.7 
2.5 
2.1 
0.8 
0.4 

5.5 
5.0 
6.8 
4.2 
4.1 

5.0 
8.6 
4.5 
8.1 
8.7 

5.5 
4.9 
6.1 
4.0 
4.8 
4.1 

4.9 

4.0 
8.8 
8.0 
2.8 
1.1 

4.9 
4.6 
4.1 
8.1 
8.5 
2.4 

1.8 
8.8 
2.7 
1.2 
1.4 
0.9 

l.ft 
8.0 
8.0 
8.9 
2.6 
2.8 

0.6 
0.4 
0.9 
0.9 
0.6 
0.9 

0.68 

1.5 
2.4 

0.1 

1898 

0.8 

1890 

1.7     i  0.8 

1900 

1901 

2.8 
5.5 
8.8 

0.1 
0.0 

1908 

4.7 

4.0 

0.7 

Means 

4.28 

1.58 

4.80 

8.82 

4.66 

8.00 

8.T7 

1.68 

2.77 

8.61  !  0.86 

Kamber  of  days  the  water  was  as  low  as  1  ft.  or  less  above  Mean 
Gulf  Level;  and  mean  of  5  years. 


Poeaible  num- 
ber of  days  in 
1  year 

Mean  number 
per  year.. 


14 
8.6 


80 
10 


TABLE  8. — Extbemb  High  and  Low  Watbb  in  the  Mississiffi  Biveb 
AT  Ft.  Jackson,  fob  12  Yeaes,  fbom  1891  to  1902,  Inclusive. 


Y«ar. 


1891. 
1698.. 
1898.. 

1894., 

1896. 
1896.. 

1897. 

1888.. 

1809. 
1900.. 
1901.. 
1908.. 


Sum... 
Means. 


Date. 


Mar.  81 

June  18 

June  16 
)  Apr.  8-9 
10ct.8 

Apr.  8-8 

Apr.  19 

^Apr.  88,  88 
Apr.  89 
May  14-16 

Apr.  88,  86 

Apr.  81 
Apr.2(MB 
fiiay8,9, 18 
Apr.  14 


28  times 


Above  Mean 

GKitf  Level, 

in  feet. 


5.88 
5.17 
6.08 
4.18 
6.88 

8.98 

4.88 

5.58 

5.(18 

5.80 
4.88 
4.88 
4.67 


109.04 
4.81 


Date. 


Nov.  80 
Nov.  80 
Dec.  7 
Nov.  18-14 

Jan.  9  and 
Dec.  18 
Dec.  4-6 

Dec.  8 

I  Jan.  8 
I  Dec.  86 

Dec.  4 

Jan.  14 

Nov.  85 

Feb.  8 


16  times 


Below  Mean 

Qulf  Level, 

in  feet. 


—1.18 
-1.18 
—1.88 
-1.88 

—1.88 
-0.78 

-0.83 

-0.88 
-0.78 
—0.80 
—0.48 
—0.98 
-0.88 


15.10 
-0.94 
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Table  8  shows  the  average  height  of  extreme  high  water  at  Ft. 
Jackson  to  be  4.31  ft.  above,  and  the  average  height  of  extreme  low 
water  to  be  0.94  ft.  below  Mean  Gnlf  Level.  These  are  the  means 
of  the  extremes  for  a  term  of  12  years,  covering  the  whole  of  each 
year. 

In  explanation  of  Table  7  it  must  be  understood  that  at  this  station 
two  readings  of  the  gauge  were  taken  daily,  and  this  accounts  for  the 
apparent  discrepancy  in  some  parts  of  the  table,  as,  for  instance,  in 
the  July  column  of  low  water,  which  shows  a  mean  for  6  years  of  only 
0.68  ft.  above  Mean  Gulf  Level,  and  yet  the  lower  part  of  the  table 
shows  that  in  July  there  were  no  whole  days  as  low  aa  1  ft.  or  less 
above  the  datum,  with  a  single  exception.  The  explanation  of  this  is 
that  during  a  part  of  the  day  the  water  was  less  than  1  ft.  high,  but  at 
some  time  during  the  24  hours  it  was  more  than  1  ft.  high.  This  ia 
owmg  to  the  backing  up  or  raising  of  the  river  water  by  the  daily 
action  of  the  tides.  The  salt  water,  being  heavier,  runs  up  on  the  bot- 
tom, while  the  fresh  water  flows  over  the  top.  This  tidal  influence  is 
felt  as  far  up  as  Red  River  Landing,  about  225  miles  above  New 
Orleans. 

The  water  at  New  Orleans  has  been  slightly  brackish  once  in  a 
period  of  about  10  years.  At  Harvey's,  at  the  head  of  his  canal,  the 
tide  rises  and  falls  about  2  in.  daily,  and  in  storms  about  1  ft. ,  but  the 
water  is  perfectly  fresh.  At  New  Orleans  the  rise  and  fall  in  the  river 
is  about  the  same. 

The  great  Gulf  storm  of  August  14th,  1901,  producing  the  highest 
rise  ever  known,  raised  the  river  4.9  ft.  at  Ft.  Jackson,  5.2  ft.  at  New 
Orleans,  and  1.00  ft.  at  Red  River  Landing,  above  the  river  height  at 
the  time.  When  the  proposed  New  Orleans  and  Gulf  Ship  Canal  is^ 
bailt  to  its  full  width  and  depth,  the  daily  tide  will  probably  be  about 
10  or  12  in.  at  Harvey's. 

Table  7  shows  that  at  Ft.  Jackson  the  greatest  height  of  the  water^ 
in  the  six  growing  months,  for  the  last  6  years,  was  5.5  ft.  above  Mean 
Gulf  Level,  and  the  greatest  mean  for  any  one  month  was  4.80  ft.,, 
for  April.  The  lo  west  water  was  0. 3  ft.  below  Mean  Gulf  Level  in  March, 
and  the  lowest  mean  height  for  6  years  was  0.25  ft.  for  August.  The 
mean  of  6  years'  observations  shows  that  in  March  there  are  8.6  days 
when  the  water  is  1  ft.  or  less  above  Mean  Gulf  Level,  and  in  some 
years  there  are  14  days;  that  in  August  there  are  10  days,  with  pos- 
sibly 20;  and,  once  in  6  years,  there  is  1  day  in  July. 
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These  conditions,  as  far  down  as  Ft.  Jackson,  make  the  raising  of 
rice  by  the  use  of  irrigation  water  obtained  from  the  Mississippi  Biver 
by  siphons,  not  perfectly  satisfactory.  The  mean  of  3.6  days  in 
March,  with  a  possible  14,  is  not  material,  as  no  irrigation  water  is 
wanted  in  March,  April  or  May,  provided  there  is  any  rain  at  all,  but 
a  loss  of  water  for  a  mean  of  10  days  in  August,  with  a  possible  20 
days,  might  prove  disastrous  if  it  came  in  the  first  part  of  the  month, 
when  the  water  is  needed  for  the  **  harvest  flow." 

An  examination  of  the  gauge  readings  for  the  past  6  years  shows 
that  for  about  three- fourths  of  that  time  the  scarcity  occurred  in  the 
last  half  of  the  month;  the  other  times  occurred  intermittently. 
Therefore,  there  would  not  be  much  danger  for  the  crop,  and  the 
writer  has  observed  that  rice  is  grown  successfully  by  the  use  of  si- 
phoned water  as  far  down  as  Socola.  It  would  be  impossible,  how- 
ever, to  raise  two  crops  per  year  as  far  down  as  Ft.  Jackson,  by  using 
siphon  water. 

Method  of  Dbainagb  Ain>  IniaoATioN. 

The  land  should  be  first  surveyed  and  divided  into  sections  of  1 
mile  square,  and  these  subdivided  into  160,  80,  40,  and  20-acre  lots,  to 
suit  purchasers.  A  protection  levee,  from  8  to  9  ft.  in  height  above 
low  water,  should  be  built  around  each  section.  This  is  rendered  nec- 
essary because  on  one  occasion  the  water  of  the  Gulf,  during  a  severe 
storm,  was  raised  by  the  wind  7.0  ft.  above  low  water;  and  this  may 
occur  again.  This  is  said  to  have  been  the  highest  water  known  since 
the  settlement  of  the  country,  and,  therefore,  the  levees  should  be  8 
ft.  high  in  the  protected  places  and  9  ft.  high  in  locations  more  ex- 
posed to  the  waves.  Where  the  surface  of  the  marsh  is  2  ft.  above  low 
water,  this  will  make  the  height  of  the  levee  above  the  ground  surface 
from  6  to  7  ft.  The  small  levees,  inside  the  protection  levee,  need 
only  be  high  enough  to  flood  different  lots  about  1  ft.  deep,  making 
the  height  of  these  sub-levees  from  about  1^  to  2  ft.  above  the  levelof 
the  ground. 

Each  mile  section  should  have  a  marginal  canal  or  <<face  ditch'' 
around  it  on  each  of  its  interior  sides.  This  ditch  should  be  3  ft. 
wide  at  the  bottom,  and  about  3  ft.  deep,  with  sloping  sides.  The 
80-acre  and  smaller  lots  should  be  bounded  by  ditches,  9  in.  at  the 
bottom,  3  ft.  at  the  top,  and  3  ft.  deep. 
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When  the  shape  of  the  land  will  admit,  these  sections  shonld  be 
laid  ont  in  groups,  4  miles  wide  by  8  miles  long,  and  a  protection 
leyee  bnilt  aronnd  each,  with  a  canal  for  drainage,  and  another  canal 
longitudinally  through  the  center  of  the  tract.  This  arrangement 
will  reduce  the  expense  g^reatly,  by  dispensing  with  the  high  protec- 
tion levees  around  each  section,  as  would  be  necessary  if  treating  one 
section  singly.     The  arrangement  is  shown  by  Fig.  1. 

Wooden  sluice  boxes,  with  gates,  can  be  laid  through  these  levees, 
to  admit  the  irrigation  water  at  high  tide  and  permit  the  drainage 
water  to  escape  at  low  tide.  This  arrangement  is  feasible  in  the 
fresh-water  marshes,  where  the  tide  rises  and  falls  daily,  as  the  water 
is  not  salt.  In  most  places,  however,  in  these  lands,  the  irrigation 
water  will  have  to  be  brought  in  a  special  canal  or  ditch  from  the  , 
Mississippi  River,  or,  where  that  is  impracticable,  pumped  from  the 
bayou. 

Each  case  requires  to  be  made  the  subject  of  separate  study  and 
treatment,  but  is  perfectly  feasible,  and  each  is  now  being  worked  at 
a  profit  in  Louisiana  and  in  the  Carolinae  and  Georgia.  The  most 
unfavorable  case  would  be  where  the  irrigation  water  had  to  be 
brought  a  long  distance,  in  pipes  or  flumes,  and  then  pumped  out 
after  irrigating  the  land.  This  might  occur  in  some  of  the  salt- 
marsh  lands,  a  long  distance  from  the  river. 

Another  case  requiring  more  pumping  would  occur  in  the  lowest 
of  the  fresh -water  marshes,  where  the  same  pumps  would  be  used  to 
pump  in  the  fresh  water  for  irrigation,  and  afterward  pump  it  out. 

The  cost  of  this  pumping,  however,  would  not  be  as  great  as 
might  at  first  be  supposed.  In  the  first  place,  the  pumping  opera- 
tions for  cane  and  rice  would  only  extend  over  from  50  to  70  dajs, 
unless  it  was  desired  to  raise  two  crops  of  rice,  and,  during  that  time 
it  would  not  be  continuous,  by  any  means.  In  the  case  of  garden 
vegetables,  it  would  depend  on  what  was  being  raised,  but,  in  any 
event,  would  not  extend  beyond  the  crop-growing  period,  whatever 
that  was. 

In  the  second  place,  the  lift  would  be  very  slight,  often  not  more 
than  IJ  ft.,  which  would  permit  the  use  of  the  cheapest  class  of 
pumps,  and  even  wheels  alone  in  many  places.  Thirdly,  the  location, 
for  the  most  part,  is  a  perfectly  open  and  wide  expanse  of  fiat  marsh, 
without  trees  or  bushes,  except   an   occasional  clump  of  low  trees 
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covering  poBsiblj  an  acre,  and  a  few  scattered  trees  on  the  borders  of 
the  bayons.  Therefore,  as  it  is  folly  exposed  to  the  sweep  of  the 
wind  from  all  directions,  as  much  as  if  at  sea,  windmills  can  be  used 
advantageoosly,  as  they  are  on  the  Znyder  Zee  in  Holland;  indeed, 
several  may  be  seen  on  the  line  of  the  New  Orleans,  Ft.  Jackson  and 
Grand  Isle  Railroad,  which  runs  through  this  territory.  The  cost  of 
pumping  by  windmills  is  very  low,  consisting  chiefly  in  repairs  to  the 
mill  and  pump,  and  the  daily  oversight  by  an  oiler,  who  could  be  the 
watchman  tending  the  sluices,  embankments,  etc. 

The  cost  of  oil  and  repairs  would  not  be  more  than  10^  of  the  cost 
of  the  mill,  which  may  be  taken  at  $300  for  the  larger  siaee,  set  up. 

An  objection  to  windmills,  besides  the  uncertain  character  of  their 
power,  is  the  small  size  and  small  duty  of  the  commercial  mills  found 
in  the  United  States. 

One  of  these  mills,  16  ft.  in  diameter,  with  the  wind  at  a  Telocity 
of  20  miles  per  hour,  and  with  a  lift  of  30  ft.,  will  pomp  4  224  gal.  per 
hr.,  which  is  only  about  one-fifth  of  1%  of  the  capacity  of  a  42  by  16- 
in.  Menge  pump,  and  one  of  the  latter  will  be  required  to  irrigate 
every  820  acres,  provided  a  case  should  occur  where  all  the  water  has 
to  be  pumped  to  the  fields.  It  would  require  about  473  of  these  wind- 
mill pumps  to  do  the  same  work,  or  one  pump  to  0.68  acre,  that  is, 
provided  all  the  water  of  irrigation  has  to  be  pumped,  which  would 
hardly  ever  be  the  case;  but  it  serves  to  show  the  comparative  duty  of 
the  windmill  and  electric  or  steam  pump. 

The  experiments  made  under  the  auspices  of  the  United  States 
Oeological  Survey*  show  tests  made  of  nearly  all  the  windmills  on 
the  market  in  the  United  States.  According  to  these  tests,  the  16-ft. 
''aermotor*' appears  to  be  among  the  best,  and  this  never  exceeds 
2  h.p.,  with  a  2U-mile  wind,  and  with  a  16-mile  wind  may  be  assumed 
to  be  only  0.8  h.p. 

The  old-fashioned  Dutch  windmills,  with  a  diameter  of  70  ft., 
yield  7  h.p.,  with  the  same  wind,  according  to  the  experiments  of 
Coulomb  in  Holland.  This  would  equal  one  mill  for  about  every  5.9 
acres,  for  irrigating,  on  the  same  basis  as  computed  previously,  and 
the  ratio  of  the  Menge  pump  to  these  windmills  would  be  about  1  to  54. 

The  cost  of  one  of  these  large  Dutch  mills  would  not  fall  much 
short  of  9800,  therefore,  windmills  would  be  vastly  more  expensive 
*  ''  Water  Supply  aad  Irrigation  Papers,  Nob.  41  and  4S.'^ 
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than  electric  pumping,  and  there  would  be  some  uncertaintj  as  to  their 
action.  However,  for  use  in  small  separate  fields,  or  as  an  auxiliary, 
thej  would  be  economical.  In  cases  where  the  irrigation  water  is 
supplied  by  gravity,  and  the  pumps  are  only  required  to  take  off  the 
surplus  water,  one  16-ft.  aermotor  will  de-water  1.38  acres,  and  one 
Dutch  mill  about  11.8  acres  per  day. 

Mr.  J.  B.  Watkins,  reporting  on  the  methods  pursued  in  reclaiming 
large  areas  of  tide  marshes  in  Louisiana,  says:* 

'*  Our  plan  of  reclamation  is  to  build  dikes,  along  the  Gulf,  rivers, 
lakes  and  bayous,  of  sufficient  height  and  strength  to  prevent  overflow 
of  each  in  the  event  of  floods  from  rain  and  storm  tides,  and  in  this  we 
will  be  materially  assisted  by  the  natural  levees  found  in  many  places 
along  these  waters. 

**  We  cut,  parallel  to  each  other,  and  i  mile  apart,  canals  18  ft.  wide 
and  6  ft.  deep.  At  right  angles  with  these,  at  intervals  of  2}  miles, 
we  out  larger  canals,  thus  forming  the  land  into  oblong  blocks,  (  mile 
by  2|  miles,  each  containing  800  acres.  Across  these  blocks,  at  proper 
intervals,  we  cut  lateral  ditches,  80  in.  deep  by  8  in.  wide  at  the  bottom, 
flared  to  30  in.  wide  at  the  top. 

''These  canals  are  cut,  the  levees  formed,  and  the  dikes  are,  to  a 
considerable  extent,  built  by  the  use  of  powerful  floating  steam 
dredges.  The  smaller  ditches  are  cut  by  ditchers  propelled  by  steam 
power,  passing  through  but  once,  at  the  rate  of  1|  miles  per  hour.  At 
the  proper  localities,  we  erect  automatic  flood  gates,  by  means  of 
which  we  control  the  stage  of  water  in  the  canals,  and  the  necessary 
volume  of  water  is  regulated  to  some  extent  by  the  ebb  and  flow  of  the 
tide.  This  is  supplemented  by  the  use  of  powerful  wind  pumps,  and 
when  the  natural  elements  will  not  accomplish  the  work,  we  readily 
move  upon  the  canals  to  the  spot  our  ditching,  plowing  and  cultivating 
engines  and  attach  them  to  pumps.  Thus  arranged,  with  control  of 
the  water,  these  blocks  of  land  are  in  condition  for  the  most  sueoeflsful 
rice  culture. 

''  Rice  may  be  planed  any  time  from  February  to  June,  very  much 
the  same  as  wheat,  and  upon  ground  similarly  prepared.  When  it 
has  reached  a  g^wth  2  in.  high,  water  is  let  in  upon  it  and  the  ground 
gradually  flooded;  care  being  taken  not  to  cover  any  of  the  plants 
with  the  water.  The  land  is  kept  flooded  sufficiently  to  kill  all  the 
grass  and  weeds,  until  the  rice  is  about  18  in.  high.  It  has  then 
sufficient  start  to  choke  down  any  foreign  growth,  and  the  water  may 
be  drawn  off  and  the  ground  allowed  to  become  dry  and  Arm  for  har- 
vest time,  which  may  extend  over  several  months,  according  to  the 

**'Tlde  SlArahes  of  the  United  States/'  Special  Report  No.  7,  U.  S.  DepartmeDt  of 
A^oulture. 
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time  the  seed  is  sown.  Bice  is  harvested  and  threshed  with  the  same 
kind  of  machinery  as  used  for  wheat." 

His  dredges  have  a  capacity  of  a  mile  of  canal,  6  by  18  ft.  per 
month  each,  and  he  plowed  70  acres  of  land  per  day  with  gang  plows 
drawn  by  traction  engines. 

In  proportioning  the  canals  for  supplying  irrigation  water,  the 
quantity  of  water  required  is  determined  by  previous  experience  in 
rice  growing.  This  must  be  increased  by  the  quantity  lost  by  evapo- 
ration, both  in  the  field  and  supply  canal,  and  this,  in  turn,  must  be 
diminished  by  the  average  recorded  rainfall  in  that  vicinity.  In  a 
tract  as  large  as  this,  extending  fully  100  miles  north  and  south,  and 
east  and  west,  the  hygrometric  conditions  will  vary,  and  the  compu- 
tations adaptable  to  a  plat  at  the  west  might  differ  considerably  from 
those  for  one  at  the  east  end.  Again,  if  the  supply  canal  is  long, 
more  water  will  be  lost  by  evaporation  than  if  it  is  short.  Therefore, 
each  case  must  be  made  the  subject  of  special  study. 

From  experiments  conducted  by  the  U.  S.  Department  of  Agricul- 
ture, at  Crowley,  La.,  it  appears  that  the  depth  of  water  required  on 
the  rice  field  during  a  season  of  64  days,  during  which  time  the  water 
was  turned  on  for  12  days,  was  26.51  in.,  of  which  10.04  in.  were  rain- 
fall; and  14.47  in.  of  this  were  taken  up  by  evaporation,  leaving  the 
net  depth  of  water  received  by  the  land  12.04  in. 

At  Haywood,  Texas,  similar  experiments  by  the  same  parties  gave 
28.81  in.  of  water  required  by  the  land,  of  which  19.66  in.  were  sup- 
plied by  the  pumps,  and  9.15  in.  were  rainfall.  Of  this,  16.03  in.  were 
taken  up  by  evaporation,  and  the  net  depth  of  water  received  by  the 
land  was  12.78  in.,  extending  over  a  period  of  71  days,  during  which 
the  water  was  turned  on  for  18  days.  These  two  experiments  show  a 
very  close  coincidence,  and  furnish  valuable  data  for  computing  the 
water  required  in  similar  locations. 

Where  the  water  has  to  be  brought  a  long  distance,  from  the  river 
or  Harvey's  Canal,  reservoirs  can  be  easily  made,  in  many  cases,  and 
these  will  greatly  reduce  the  length  of  the  pipe  or  flume,  and  often 
cause  it  to  be  dispensed  with  entirely.  In  making  these  reservoirs, 
advantage  would  be  taken  of  one  of  the  many  small  bayous  or  creeks, 
of  which  there  are  a  great  many  running  through  the  marshes  in  all 
directions.  These  would  be  dammed  at  the  point  nearest  the  land  to 
be  watered,  and  the  salt  water,  if  any,  pumped  out.  A  ditch  or  flume 
would  then  be  built  at  the  upper  end  to  bring  in  the  fresh  water,  and 
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the  creek  or  bayon  wonld  form  the  reservoir.     It  would  be  necessary 
to  run  protection  levees  along  both  banks  to  keep  out  storm  water. 

Accurate  topographic  and  hydrographio  charts  of  these  marshes 
are  necessary  in  order  to  locate  and  plan  these  reservoirs  and  the  sys- 
tem of  levees  and  canals. 

Methods  and  Cost  of  Pumping. 
The  cost  of  running  the  pumps  will  vary  chiefly  according  to  the 
fuel  used,  as  colored  men,  working  for  very  low  wages,  can  be  found 
who  are  capable  of  attending  to  them,  as  is  done  now.  The  U.  S. 
Department  of  Agriculture  has  made  tests  of,  and  has  reported  on,  the 
cost  of  fuel  per  acre  irrigated  in  Louisiana.  The  following  is  quoted 
from  this  report: 

"  Three  kinds  of  fuel  are  used  to  make  steam  for  irrigation  pUmps 
in  the  rice  district :  coal,  wood  and  oil.  Coal  is  the  most  expensive  be- 
cause of  the  long  hauls  necessary,  and  oil,  based  upon  the  experience 
of  the  one  year  that  has  passed  since  the  Beaumcnt  oil  basin  was  dis- 
covered, is  by  far  the  cheapest  and  most  satisfactory.  Pittsburg, 
Kans.,  bituminous  coal  sold  as  high  as  $4.76  per  ton,*  and  wood  at 
81.50  and  33.00  per  cord,  while  the  oil  delivered  f.  o.  b.  in  car  lots, 
cost  from  48  to  62 J  cents  per  barrel.  Based  upon  reports  received, 
the  cost  of  fuel,  necessary  to  irrigate  an  acre  of  rice,  was  between  60 
cents  and  31.00  when  oil  was  used,  between  32  and  S3  per  acre  when 
wood  was  used,  and  fully  as  much  for  coal  as  for  wood.  Crude  min- 
eral oil  has  proven  a  most  satisfactory  fuel.  A  uniform  and  high 
pressure  in  the  boilers  is  easily  maintained,  and  one  fireman  can  easily 
handle  a  battery  of  half  a  dozen  or  more  large  boilers.  The  combus- 
tion is  practically  complete,  and  no  injury  to  the  boilers  from  the  hot 
blast  has  yet  been  noted." 

Fuel  oil  is  now  75  cents  per  bbl.  (42  gal. )  in  tanks  on  cars  at  New 
Orleans,  and  12^  cents  per  bbl.  for  less  than  10  000  gal.  per  month, 
delivered  in  the  consumers'  tank,  by  pumps,  or  9  cents  per  bbl.  for 
quantities  of  more  than  20  000  gal.  per  month,  the  latter  being  brought 
in  tank  ships  from  Texas. 

Two  styles  of  pumps  are  commonly  used  about  Crowley  for  irrigat- 
ing, the  rotary  and  the  centrifugal.  The  former  gives  more  effi- 
ciency, but  it  is  heavy  and  requires  very  solid  foundations  as  it  is 
geared  directly  to  the  engine  shaft,  and  therefore  no  settlement  is 
allowable.  The  centrifugal,  on  the  contrary,  is  generally  run  with  a 
belt,  and  considerable  settlement  will  not  derange  it.     It  is  light,  and 

*Tbis  was  at  Crowley,  La.,  in  1901.  It  is  now  (1903)  ^.26  a  ton,  delivered  on  lighters, 
in  New  Orleans;  Alabama  coal,  $8. 
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easy  to  keep  in  repair.  A  variety  of  Arohimedean  screw,  made  in  New 
Orleans,  oalled  the  Menge  pnmp,  after  the  inventor  and  maker,  is 
probably  the  best  for  the  low  lifts  that  prevail  on  this  land. 

BAINFAIili  AKD  InFILTBATION. 

In  compntations  based  on  rainfall,  it  is  of  the  first  importance  to 
have  as  many  stations  as  possible  in  the  tract  or  aronnd  it,  as  the  pre- 
cipitation varies  greatly  even  in  as  comparatively  small  an  area  as 
that  of  the  City  of  New  Orleans.  In  this  case,  fortunately,  there 
are  numerous  stations  almost  surrounding  the  tract,  so  that  a  very 
fair  general  average  of  the  rainfall  can  be  obtained.  The  monthly  pre- 
cipitation at  each  station  for  a  period  of  7  years  shows  that  the  mean 
precipitation  on  this  traot  varies  from  2.24  in.  in  May  to  6.83  in.  in 
July. 

On  part  of  this  tract  the  water  that  is  put  on  for  irrigation  must 
be  pumped  off,  minus  what  has  been  dissipated  in  evaporation  and 
absorption.  All  this  soil  is  so  retentive  and  the  grade  is  so  low  that 
there  will  be  no  loss  by  filtration,  or  seepage.  The  gain  by  infiltra- 
tion will  be  very  slight,  judging  by  the  ezperienoe  of  the  planters 
and  those  living,  or  cultivating,  immediately  back  of  the  river  levees. 
This  is  owing  to  the  very  retentive,  puddle-like  character  of  the  soiL 

The  late  John  M.  Goodwin,  M.  Am.  Soc.  C.  E.,  one  of  the 
commissioners  of  the  Pennsylvania  Ship  Canal,  estimated  the  infil- 
tration and  leakage  in  that  canal  as  20%  of  the  entire  volume.  Of 
this,  the  leakage  would  probably  constitute  about  75%,  leaving  only 
25%  for  infiltration  proper,  or  6%  of  the  entire  volume  of  water. 
The  experiments  reported  by  General  Gillmore,  of  filtration  in 
Florida  canals,  g^ve  a  very  much  greater  quantity  than  would  be 
expected  on  this  land,  owing  to  the  sandy  and  extremely  porous 
character  of  the  Florida  soil.  In  the  absence  of  any  known  experi- 
ments in  this  line  in  this  neighborhood,  the  quantity  can  only  be 
approximated,  but  it  is  safe  to  assume  that  it  will  not  be  large. 

An  analysis  of  the  rainfall  from  1872  to  date  and  Table  8  show 
that  the  mean  annual  precipitation  is  55.13  in. ;  that  there  is  no  well- 
defined  rainy  or  dry  season;  that  the  mean  monthly  precipitation  is 
4.51  in. ;  that  the  greatest  monthly  precipitation,  in  any  one  year  dur- 
ing the  last  6  years,  at  any  one  of  the  surrounding  stations,  was  19.55 
in. ;  that  the  mean  of  the  greatest  and  least  monthly  precipitation  for 
each  year  for  6  years  is  10.77  and  0.79  in.,  respectively. 
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It  also  appears  by  the  table  of  observatioBS  taken  by  the  New 
Orleans  Drainage  Board,  that  from  1881  to  1894,  inclnsiye,  there 
oocnrred  one  rainstorm  of  3.60  in.  in  1  honr,  and  several  others  of 
shorter  duration,  bnt  nearly  eqnal  intensity. 

From  the  "Table  of  Excessiye  Precipitation"  furnished  by  the 
Weather  Bnrean,  and  extending  from  1870  to  date,  it  appears  that 
there  has  been  as  great  a  fall  as  9.22  in.  in  2  days,  and  7.40  in.  in  1 
day. 

Table  9  shows  the  months  and  days  of  the  month  when  excessive 
precipitation  has  occnrred  dnring  the  last  32  years,  arranged  to  show 
the  months  of  greatest  excessive  precipitation.  This  table  has  been 
collated  from  the  records  of  the  U.  S.  Weather  Bnrean  and  the  obser- 
vations of  the  New  Orleans  Drainage  Board,  at  New  Orleans,  Law- 
rence, Houma  and  Venice. 

From  Table  9  it  appears  that  the  months  when  short  falls  of  great 
precipitation  occur  most  often  are,  in  the  order  named :  April,  Septem- 
ber, February,  March,  August,  June,  July,  December,  October,  May, 
November  and  January.  Of  the  six  most  pronounced  months,  four 
are  months  of  rice  growing.  Therefore,  there  may  be  an  occasional 
engorgement  of  the  drainage  system  during  these  months,  for  a  short 
period.  The  flooding  of  rice  for  three  or  four  days,  or  even  several 
works,  at  some  periods  of  growth,  will  not  prove  harmful. 

The  most  excessive  precipitation  of  this  kind  occurs  in  April,  when 
twenty -four  storms,  each,  with  a  mean  precipitation  of  4.02  in.,  have 
occurred  in  the  last  32  years.  These  storms  may  last  one  or  two, 
and,  in  rare  instances,  three  days.  This  analysis  shows  that  there  is 
not  much  to  fear  from  these  short  storms  of  excessive  rainfall..  The 
four  months  of  most  excessive  precipitation  are  months  when  no 
water  is  put  on  the  rice,  dependence  being  had  entirely  on  the  rain- 
fall, which  is  generally  suflicient.  If  there  should  be  a  drought,  the 
water  would  have  to  be  turned  on;  therefore,  when  these  rainfalls 
occur  in  March,  April  or  May,  they  wiU  be  an  advantage.  Those  that 
occur  in  June,  July  or  August  would  cause  an  engorgement  if  they  hap- 
pened to  come  just  after  the  water  had  been  let  on,  and  might  necessi- 
tate starting  up  the  pumps,  to  relieve  the  land  of  the  surplus.  On  the 
other  hand,  if  they  occurred  just  before  the  water  was  due  to  be  let 
on,  they  would  save  the  trouble  of  opening  the  gates  or  the  cost  of 
pumping  so  much  water,  in  fields  where  pumping  was  required  for 
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— Excessive    Precipitation,  in    Inches,   at  Points  near 
New  Orleans,  La.,  during  the  Last  32  Years. 
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8.96 

4.04 
8.11 
8.66 

8.26 

2.82 

14 -! 

4.14 
8.70 
2.67 
8.86 

1.20 

4.28 

2.60 
4.02 

2.98 

16 

............ 

1.85 

2.88 

2.82 
8.84 
1.70 
4.01) 
3.98 
5.92 
2.68 

2.68 

16 ■< 

8.11 

5.10 
8.00 
6.76 
2.78 

8.89 



17 J 

2.62 
7.22 

( 

!!!'.'.! 

2.70 

18 i 

2.01 
4.07 

4.25 

854 

8.71 

8.19 

19 "..... 

5.26 

5.n 

', 

8.96 

2.88     8.64 

1.04 

I 

8.90 

80          ..A 

2.60 
8.59 
2.72 

j  :::::: 

2.90  1  8.29 

2.78 

-M                                            \ 

» 1 

2.74 

4.08 

8.50 

2.66 

« ] 

7.49 

1.25 
8.08 

2.00 
4.18 

» ] 

4.84  \ 

1 

8.60 

8  59 

1.25 

( 

4.21 

2.69     2.18 
2.60     2.06 

8.01 

554 \ 

1 

4.60 

7.40 

4.56 

I 

2.80 

1.89 
8.60 
5.28 
8.28 

25 .-! 

::::::i:::::: 

1.86 

1 

2.61    

2.54 

1 

26 \ 

2.86 
4.44 

1 

1 

2.71 

1 

8  86    

27 

8.72 

4.49 

2.84 

1 \"     " 
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Day 

Jan. 

Feb. 

Mar. 

Apr. 
2:72 

May 

1            1 
June   July   Aug. !  Sept  1  Oct. 

1           1           ,           1 

Nov. 

Dec. 

W 

\ 

1 

2  HK  1  9.66 

2.85 

8.27 

2.00 

B8 

:::::;i::::::i::::::  ::::::  ::.::: 

2.66 
2.62 

8.bi 

320 
5.48 
2.76 

1 

8.62 

8.40 

ao 

8.68 

5.10 

6.60     8.04 

11.86 

81 

2  70 

2.50 

1 

60.15   45  12 

Sum 

1           1 
23.00   80.48    fi6  62!  Q6.S7 

34.44 
0 
8.83 

66.45'  01.57 

80.68 

82.17 

48.00 

Number     of 
storms 

9 
8.S1 

16 
8.71 

16 
8.77 

24 

4.02 

17 
2.05 

16 
2.82 

16 
8.46 

26 
8.66 

18 
8.M 

11 
2.02 

12 
8.58 

irrigation.  As  these  storms  are  not  so  violent,  or  rather  the  precipi- 
tation is  not  so  great,  in  Jnne,  Jnlj  and  August,  the  chances  are 
rather  more  than  even  that  they  will  prove  a  benefit,  rather  than  a 
drawback,  the  mean  precipitation  only  ranging  from  2.82  to  B.46  in. 
for  each  storm,  of  which  only  sixteen  or  seventeen  have  occurred  in  32 
years,  or  one  every  other  year  in  these  months. 

The  rainfall,  therefore,  to  be  pumped  off  the  land  after  it  has  served 
its  purpose,  is  the  mean  of  the  monthly  precipitation  occurring  dur- 
ing the  rice-growing  months,  as  shown  in  Table  11,  plus  the  quantity 
put  on  the  land  monthly  by  siphons  or  pumping,  plus  the  quantity 
added  by  infiltration,  and  minus  the  quantity  lost  by  evaporation; 
and  the  pumps  must  be  capable  of  taking  this  water  off  in  a  short 
time,  say  two  or  three  days. 

Table  10  shows  the  greatest  monthly  precipitation  in  each  year,  for 
the  last  6  years,  in  the  months  from  March  to  August,  inclusive,  in 
each  of  the  eleven  stations  surrounding  this  tract. 

Part  of  Table  10  is  collated  from  the  record  of  rainfall  at  New  Or- 
leans kept  by  the  U.  S.  Weather  Bureau,  and  part  from  the  record  of 
rainfall  kept  by  the  New  Orleans  Drainage  Commission.^ 

These  two  records  are  interesting  as  showing  the  difference  between 
two  records  kept  on  the  same  dates  in  different  parts  of  the  same  city, 
and  they  emphasize  the  fact  that  the  records  of  oue  station  cannot  be 
accepted  as  a  basis  for  computations,  but  that  the  means  of  all  cir- 

*  Journal  of  the  Aaitoctation  0/  Engineering  Societies^  Vol.  XXVIII,  p.  866. 
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cnmjacent  stations  must  be  used  to  represent  the  actual  precipitation 
on  any  tract  of  more  than  1  mile  square.  They  also  make  plain  the 
absurdity  of  carrying  out  such  computations  to  more  than  two  places 
of  decimals. 

TABL£  10. — Gbbatbst  Monthi^y  Pbecifitation,  in  Inches,  in  thb 

Months  fbom  Mabch  to  August,  Inolusiye,  fob  the 

Past  6  Yeabs,  at  EiiEybn  Stations. 


Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Bemarks. 

6.M 
6.80 
6.78 
6.50 
6.84 
6.00 
8.86 
11.88 
6.88 

18.78 
11.70 

6.76 
10.00 

8.18 
18.07 
18.68 
18.78 
10.64 

iiiao 

18.87 

8.14 
6.80 
4.68 
8.86 
6.07 
4.80 
8.70 
18.68 
10.88 



7.19 
9.10 
7.80 

10.01 
8.00 
7.78 

17.61 
8.01 

18.88 

sioi 

18.06 
10A7 

10.79 
10.88 
18  88 
10.71 
18.89 
14.80 
8.88 
9.87 
9.04 
8.76 
6.80 
8.96 
10.71 
18.80 
18.88 
11.61 
0.61 

8.66 
6.70 
10.67 
8.06 
9.09 
8.60 
14.74 
28.74 
7.58 

(Greatest  in  88  years 
for  New   Orleans, 
the    other    for    6 

yrs.) 

Mean. 

6.40 

11.48 

6.66 

0.69 

11.87 

10.70 

Water  Bequibed. 

Table  11,  compiled  from  the  records  of  the  U.  S.  Weather  Bureau, 
shows  the  monthly  mean  precipitation  and  the  greatest  monthly  mean 
precipitation  for  each  of  the  six  rice-growing  months,  with  the  differ- 
eace  between  them,  and  the  quantity  required  for  rice  cultivation. 
This  table  shows  that  once  every  6  years,  on  the  average,  there  will  be 
an  excess  of  rainfall  above  the  means  for  that  month,  and  these  months 
of  larger  precipitation  may  occur  in  groups  or  all  in  one  year. 

The  mean  excess,  as  shown  in  Table  11,  amounts  to  48  per  cent. 
Table  11  shows  that  in  some  months  of  excessive  rainfall,  when  water 
is  required  for  rice,  4.92  in.  more  water  falls  than  is  required,  which  is 
31.83  in.,  including  what  will  be  lost  in  evaporation,  and  adding  6% 
for  infiltration.  As  the  quantity  lost  by  evaporation  here  is  4.17  in. 
more  than  the  mean  of  Crowley  and  Texas,  the  quantity  of  water  re- 
quired here  is  increased  that  much  more  than  the  requirements  in  those 
places. 
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TABLE  11.— Greatest  Monthly  Mean  Prbcifttation,  in  Inches,  fob 
Eaoh  of  the  Six  Bice-Growino  Months,  etc. 


Month. 


March.... 

Sum.. 

June 

July 

August. . . 

Sums. 

Means, 


Greatest 
monthly. 

Monthly. 

Difference. 

Inches 
required. 

Remarks. 

6.49 
11.48 
6.66 

8.68 
6.86 
8.94 

8.81 
6.08 
4.41 

Very   little 

(Means   of    11 
drcurojaoent 
stations  for  ft 
years.) 

84.57 

11.87 

18.80 

0 

9.69 

ii.»r 

10.TO 

5.17 
6.88 
6.19 

4.68 
4.44 
4.51 

4,77 
17.06 
9.06 

81.66 

18.19 

18.47 

81.88 

9.87 

4.91 

4.46 

From  the  foregoing,  Table  12  has  been  compiled,  and  shows  the 
quantity  required  for  the  land  and  which  is  supplied  by  rainfall,  irri- 
ation  and  seepage;  also,  the  quantity  lost  by  evaporation,  leaving 
the  remainder  to  be  pumped  off  in  those  parts  of  this  tract  too  low  ta 
drain  by  gravity  at  low  tide. 


TABLE  12. 


Month. 

iMCHxs  or  TVater  Supplikd  by: 

IMCHCS  OF  Water. 

Rainfall. 

Seepage. 

Irrigation. 

Required. 

Lost  by 

evapora- 

Uon. 

To  be 
pumped 

% 

March 

^?'.;.v.:::;::: 

June 

July 

August 

8.68 
6.85 
2.94 
6.17 
6.a3 
6.19 

0.18 
0.87 
0.tl 
U.86 
084 
0.81 

0 
0 
0 
0 

10.81 
8.68 

18.89 

8.86 
5.68 
8.86 
6.48 
17.98 
9.06 

8.79 
8.80 
4.80 
4.96 
7.89 
7.06 

0.07 
1.88 
0.0 
0.46 
10.69 
8.08 

Totals 

89.46 

1.47 

48.66 

81.81 

14.96 

Table  12  shows  that,  generally,  the  rainfall  and  seepage  or  infiltra- 
tion, in  the  vicinity  of  New  Orleans,  is  enough,  or  more  than  enough, 
for  the  first  four  months  of  the  rice  crop,  but  that  water  must  be  sup- 
plied by  irrigation  in  July  and  August,  the  quantity  to  be  pumped  off 
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afterward  being  about  equal  to  that  supplied  by  irrigation  in  these 
months.  In  March,  April  and  June  the  evaporation  is  nearly  eqaal  to 
the  rainfall,  and  in  May  nearly  double.  Comparing  the  evaporation 
with  the  quantity  required  and  the  greatest  monthly  precipitation,  as 
given  in  Table  11,  it  will  be  seen  that  in  months  of  greatest  precipita- 
tion more  than  enough  rain  falls  every  month,  except  in  July,  when 
6.37  in.  have  to  be  supplied  by  irrigation. 

The  greatest  quantity  to  be  pumped  o£f  in  any  one  month  is  10.55 
in.  in  July.  This  would  be  equivalent  to  43  560  X  0.88  X  7.48  = 
286  729  gal.  per  acre,  and  one  Menge  pump  of  the  largest  size  would 
require  15  days  to  take  this  water  off  4  sections,  and  4  pumps  would 
do  it  in  3f  days,  which  is  sufficiently  rapid.  The  greater  part  of  this 
land,  however,  is  elevated  1  ft.  or  more  above  tbe  Mean  Gulf  Level, 
and  this  would  be  sufficient  to  drain  off  by  gravity,  and  the  pumps 
would  only  be  required  to  lower  the  water  in  the  ditches.  The  pumps 
used  for  irrigating,  in  those  places  where  siphons  could  not  be  used, 
could  be  used  for  drainage  by  a  simple  arrangement  of  valves  and  a 
by-pass. 

The  Menge  pump  may  be  described  as  an  Archimedean  screw,  or 
perhaps  as  a  turbine  wheel,  set  in  the  water  and  run  in  the  opposite 
direction  to  a  wheel  for  power,  or  to  a  kind  of  submerged  centrifugal 
pump,  set  with  the  shaft  vertical  in  a  square  wooden  box,  and  run 
with  a  belt  from  the  engine.  These  pumps  are  used  extensively  in  the 
Ticinity  of  New  Orleans  for  low  lifts,  and  are  much  cheaper  than  even  the 
centrifugal  pump,  which  is  cheaper  than  any  of  the  others.  The  largest 
size  Menge  pump,  42  by  16  in.,  has  a  stated  capacity  of  2  000  000  gal. 
per  hr.  with  a  lift  of  10  ft.,  or  33  333  gal.  per  minute,  which  equals 
147.31  acre-feet  per  24  hours,  equal  to  5  155.3  acres  irrigated  in  70  days, 
therefore  eight  of  these  pumps  would  be  sufficient  to  irrigate  four  sec- 
tions (allowing  for  land  taken  up  by  levees)  6  in.  deep  in  1  day,  or  the 
whole  tract  in  8  days,  supposing  the  evaporation  to  equal  the  rainfall. 

The  price  of  a  pump  of  this  size  is  $937.50. 

This  computation  is  based  on  the  rainfall  and  evaporation  being  the 
same  for  this  land  as  at  Crowley.  This  is  not  exactly  correct,  but  it  is 
not  very  different. 

As  stated  before,  every  locality  requires  a  separate  study  and  com- 
putation based  on  the  precipitation,  evaporation,  length  of  supply 
canal,  etc.,  at  that  particular  place. 
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The  writer  belieyes  that  the  most  ecoDomical  plan  will  be  to  run  all 
these  pumps  by  electricity,  an  electric  motor  being  placed  in  each 
station  and  connected  with  a  central  power-house.  This  will  give  a 
power  ready  to  be  used  at  a  moment's  notice;  dispense  with  all  the 
pump  engineers  and.  firemen  except  one  each  at  the  central  station, 
who  will  run  the  whole  plant;  will  save  the  expense  of  installing  so 
many  boilers  and  engines;  and  the  expense  of  separate  oil  tanks  and 
pipe  line  to  each  pumping  station,  or  the  greater  expense  of  trans- 
porting fuel  by  lighters  to  these  stations. 

There  is  so  little  wood  on  this  tract  that  this  would  be  an  expensiye 
fuel. 

Cost  of  Bbclamation. 

The  cost  of  reclaiming  the  swamp  lands,  open  and  without  trees  or 
bushes,  and  supposing  them  to  be  laid  out  in  1-mile  sections  of  640 
acres,  and  these  sections  grouped  into  one  tract  of  8  by  4  miles,  will  be 
as  follows : 

A  protection  levee,  say  8  ft.  high,  with  4  ft.  crown  and  28  ft.  base, 
and  slopes  of  1}  to  1,  will  be  required  all  around  the  tract.  This  will  be 
thrown  up  on  the  outside  of  the  canal  from  which  it  is  taken,  and  its 
size  will  determine  the  size  of  the  canal,  an  allowance  of  15%  being 
made  for  shrinkage,  which  gives,  for  the  size  of  the  canal,  80.4  ft. 
wide  on  the  top,  6.4  ft.  wide  at  the  bottom,  8  ft.  deep,  and  with  slopes 
of  1}  to  1.  A  head-gate  will  be  built  to  connect  this  canal  with  the 
nearest  navigable  bayou  or  creek,  to  allow  of  its  being  navigated  by 
boats. 

A  canal  of  smaller  size  will  be  built  up  along  the  center  of  the  tract 
longitudinally  and  also  one  transversely,  to  allow  of  convenient  access 
to  different  parts  of  the  tract  by  boats.  Smaller  canals  will  be  dug 
around  each  section  and  through  the  center,  north  and  south,  with 
ditches  on  intermediate  lines,  as  shown  by  Fig.  1.  The  actual  cost,  if 
laid  out  on  this  plan,  will  be  as  given  in  Table  13. 

If  this  land  should  be  taken  in  single  sections,  and  it  should  be 
necessary  to  bring  the  water  in  a  long  flume  or  ditch,  and  pump  also, 
with  a  reservoir,  the  cost  would  amount  to  $16.50  per  acre,  while,  on 
the  other  hand,  in  those  locations  where  no  pumping  would  be  neces- 
sary, but  the  land  could  be  flooded  and  drained  by  the  action  of  the 
tide,  as  previously  explained,  the  cost  would  be  only  82.41  per  acre. 
Each  of  these  cases  can  occur  on  these  lands. 
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TABLE  13. 
Excavation,  made  into  levees,  631  381.2  on.  yd. 

at  »0.05 $81  569.06 

42  by  16-in.  Menge  pnmps,  eight  at  «937 7  496 .  00 

Eight  pnmp  houses,  and  setting  np  pnmps 4  000.00 

Electric  motors  (60  h.p.),  eight  at  $600 4  000.00 

Feed  wire,  No.  0  copper,  say  26  miles 6  930.00 

Poles,  insulators  and  setting 1  600. 00 

Sluices  set,  192  at  »30 6  760 .  00 

Two  wooden  head-gates,  set  up 4  000. OO 

Plowing,  and  burning  levees 1  000.00 

Surveying  land   and  dividing  into  sections,  62 

miles  at  $6 312.00 

$66  567.06 
Contingencies,  omissions  and  engineering,  10^. . .        6  666.71 

Tot&l :  20  480  acres  at  $4. 36  per  acre $73  223 .  77 

As  to  the  time  required  to  accomplish  the  work  in  the  case  under 
consideration,  which  may  be  taken  as  a  fair  average  condition,  if  the 
latest  and  largest  improved  suction  dredges  are  used  to  dig  the  canal 
and  make  the  levees,  which  they  can  do  by  using  a  plank  form, 
which  would  be  mounted  on  broad  wheels  and  dragged  along  by  using 
a  snatch  block  and  tackle  attached  to  the  engine  of  the  dredge,  all  the 
canals  of  large  size  could  be  dug  in  a  month  after  the  machinery  was 
on  the  ground,  and  the  smaller  canals  and  ditches  in  4^  months,  some  of 
the  latter  being  cut  at  the  rate  of  1  mile  in  H  days.  Allowing  for  the 
time  required  to  plow  the  levee  bases,  and  for  delays  and  stoppages 
incident  to  such  work,  it  is  safe  to  say  that  the  20  000  acres  could  be 
ditched  and  leveed  ready  for  a  crop  of  rice,  with  all  gates  set,  in  9 
months. 

The  cost  of  operating  this  plantation,  outside  [ot  the  farming- 
operations,  which  would  be  done  by  the  lessees,  would  be  very 
little  indeed,  and  would  only  be  the  cost  of  fuel  and  the  wages  of 
three  or  four  pump  men,  and  the  cost  of  running  an  electric  or  alco- 
vapor  launch,  to  be  used  by  these  men  in  visiting  the  pumps  for  the 
purpose  of  oiling  and  repairing  them,  and  the  windmills,  etc.,  open- 
ing and  closing  the  water  gates  and  keeping  the  canals  clear  of  weeds, 
total  per  year  $20  000. 
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As  to  the  income,  the  opinion  is  nnanimons,  among  all  in  that  dis- 
trict with  whom  the  writ«c  has  conyersed,  that  these  reclaimed  lands 
would  rent  easily  and  qnickly  for  $6  per  acre,  up  to  $14,  with  water 
supplied,  paid  in  rice. 

TABLE  14. 

20  480  acres  at  86  per  year 8102  400.00 

Less  cost  of  superintendence,  fuel  and 

operation 820  000.00 

**     commissions  and  advertising 10  000.00 

"     interest  on  first  cost,  10% 8  906.38 

88  906.38 

Net  profit  per  year,  83.10  per  acre 863  493.62 

Or,  if  planted  in  sugar,  50  cents  per  ton  of  cane 

raised,  or  810  per  acre 8204  800.00 

Less  cost  of   superintendence,   interest,   etc.,  as 

before 38  906.38 

Net  profit  per  year,  88.10  per  acre 8165  893.62 


If  the  land  were  planted  with  rice  by  a  company,  and  the  rice 
were  sold  to  the  millers,  then,  allowing  a  profit  of  20^  from  the 
farming  operations,  which  is  certainly  low,  and  taking  the  average 
production  per  acre  at  14.2  bbl.  for  this  region  (the  mean  of  several 
statements),  the  account  would  stand  thus: 

20  000  acres,  at  814.2  bbl.  per  acre  =  284  000  bbl. 

'     of  rough  rice  at  83.50 8994  000 

Net  profit,  20^  per  year 198  800 

As  rice  is  not  a  cultivated  crop,  only  requiring  planting,  watering 
-and  harvesting,  and  no  fertilizers,  the  net  profit  thereon  is  much 
greater  than  on  wheat  or  most  other  crops,  and  is  nearer  40  than  20  per 
<sent.  It  is  highly  probable,  also,  that  these  lands  will  produce  as 
much,  if  not  more,  than  those  of  Georgia  and  the  Carolinas.  Dr. 
Knapp  states  that  the  profit  on  rice  growing  is  55  per  cent.* 

The  reports  of  the  U.  8.  Department  of  Agriculture  state  that 

when  the  first  large  canal  near  Crowley,  La.,  was   completed  and 

*  ^'Rlce  Culture  in  the  United  States,''  Farmer's  Bulletin  No.  110,  U.  8.  Department 
of  Agriculture. 
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Operated  Buccesshilly,  the  average  price  of  rice  lands  rose  rapidlj 
from  87  to  $10,  $15,  and  920  per  acre.*  Bice  lands  nnder  the  larg^ 
canals  around  Crowley,  La.,  are  now  held  at  an  average  price  of  $30 
per  acre,  a  few  choice  locations  bringing  $50  per  acre  in  1901. 

These  delta  lands  are  so  much  richer  than  the  prairie  lands  that^ 
measured  by  their  productiveness,  they  should  easily  bring  twice  as 
much,  to  say  nothing  of  their  immediate  proximity  to  the  metropolis 
of  the  State. 

These  lands  are  of  the  same  fertile  character  as  the  rice  lands  of 
the  Garolinas  and  Georgia.  The  former  have  produced  32  bbL  of 
rice  per  acre  and  more  than  8  000  lb.  of  sugar.  The  prairie  lands  of 
Louisiana  and  Texas  do  not  produce  an  average  of  more  than  12  bbl. 
per  acre. 

These  delta  lands,  as  soon  as  they  are  relieved  of  water,  can  be 
leased  to  small  farmers  for  from  $5  to  $6  per  acre  per  year,  or  for  4 
bbl.  of  rice  where  irrigation  water  is  furnished  and  for  2  bbl.  when 
the  land  is  only  drained.  Li  some  cases  the  leases,  on  such  lands  in 
this  district  as  have  been  reclaimed,  are  for  one-quarter  of  the  crop> 
and,  in  this  region,  there  is  great  demand  for  these  reclaimed  lands. 

There  is  no  doubt  that  they  would  be  worth  $200  to  $300  per  acre 
for  truck  farming  when  reclaimed,  as  some  of  these  lands  are  only  3 
miles  from  the  center  of  the  City  of  New  Orleans,  with  a  population 
of  about  340  000. 

*  '*  Irrigation  ot  Rica  in  the  Unitad  States,''  1902,  Bulletin  No.  118,  p.  14. 
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W.  B.  W.  Howe,  M.  Am.  Soc.  0.  E.  (by  letter).— This  paper  is  val-  Mr.  Howe. 
uable  in  bringing  together  and  contrasting  the  practice  of  yariotiB 
cities  in  the  matter  of  permissible  loads  and  stresses.  There  seems 
to  be  no  good  reason  why  some  of  these  differences  should  exist,  and 
it  is  to  be  hoped  the  discussion  will  lead  to  greater  uniformity  in  this 
respect. 

In  the  matter  of  determining  the  bearing  power  of  piles,  it  does 
not  seem  wise  to  incorporate  in  a  general  specification  a  requirement 
based  upon  a  formula  of  uncertain  practical  value,  particularly  as  the 
results  given  by  it  are  confessedly  not  to  be  relied  upon  beyond  certain 
fixed  maximum  limits. 

Long  ago  the  writer  reached  the  conclusion  that  the  actual  safe 
bearing  capacity  of  a  pile  could  not  be  determined  by  a  general 
formula,  and  tests  made  by  him  from  time  to  time  in  different  locali- 
ties seem  to  bear  out  the  correctness  of  this  conclusion. 

If  a  pile  sustained  its  load  by  transmitting  it  entirely  to  its  point, 
there  might  be  some  reason  to  expect  a  formula  based  upon  the  settle- 

«This  discussion  (of  the  paper  by  C.  C.  Schneider,  M.  Am.  Soc.  C.  £.,  printed  in 
Proceedingg  for  September,  1904),  is  printed  in  ProceedinoB  In  order  that  the  yiews  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 

Communicatloason  this  subject  receiTed  prior  to  December  84th,  1901,  will  be  pub* 
lished  subsequently. 
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Mr.  Howe,  ment  under  the  last  blow  of  the  hammer  to  yield  approximately  cor- 
rect results,  but,  as  is  well  known,  under  certain  conditions,  nearly 
the  whole  supporting  power  is  deriyed  from  the  friction  of  the  mate- 
rial penetrated  upon  the  sides  of  the  pile,  and  this  friction  is  not 
developed  until  after  a  considerable  period  of  rest.  This  being  the  case, 
the  settlement  at  the  last  blow,  under  such  conditions,  is  not  the  con- 
trolling factor  in  the  ultimate  result. 

From  a  set  of  tests  made  by  the  writer  some  years  ago,  where  the 
piles  were  driven  in  deep  alluvial  soil,  it  was  found  that  with  a  settle- 
ment of  from  12  to  15  in.  at  the  last  blow  of  a  2  000-lb.  hammer  falling 
20  ft.,  the  pile  could  be  safely  loaded  to  about  200  lb.  per  sq.  ft.  of  sur- 
face of  contact,  and,  in  one  instance,  where  the  settlement  at  the  last 
blow  was  as  much  as  26  in. ,  the  pile  carried,  without  further  settlement 
during  the  time  it  was  under  observation,  a  live  load  of  15  000  lb.  In 
this  instance  the  average  diameter  of  the  pile  was  10  in.,  and  the  depth 
in  the  ground  40  ft. 

Upon  another  occasion,  a  pile  trestle,  in  which  the  piles  were 
driven  to  a  final  penetration  of  Ij^  in.,  the  weight  of  the  hammer  and 
the  fall  being  similar,  settled  badly  under  the  same  loading,  and  con- 
tinued to  settle  until  the  track  was  taken  off,  the  material  penetrated 
being  different  in  the  two  cases. 

The  writer  does  not  believe  his  experience  to  have  been  at  all  un- 
usual. The  method  he  uses  is  to  test  the  individual  foundation  by 
actually  driving  test  piles  where  some  positive  information  cannot  be 
obtained  in  any  other  way,  and  he  thinks  this  the  only  safe  method. 
ime.  WortldDg'  Chables  Worthikgton,  M.  Am.  Soo.  C.  E.  (by  letter).— In  the 
writer's  opinion,  the  specifications  submitted  in  this  paper  are  rational 
and  complete,  and  in  them  Mr.  Schneider  has  presented  a  most  valu- 
able instrument  to  those  having  work  of  this  kind  to  design. 

On  the  subject  of  wind  pressure:  The  writer,  a  while  ago,  ob- 
served the  erection  of  two  buildings  just  across  the  street  from  each 
other,  each  about  sixteen  stories  high.  The  framework  in  one  appeared 
to  be  thoroughly  braced  for  wind  stresses,  by  deep  girders  and  gussets; 
the  other,  apparently,  was  designed  as  though  there  was  to  be  no  wind 
in  the  vicinity.  These  buildings  have  been  completed  several  years, 
and  used  for  office  purposes;  one  appears  to  be  as  good  as  the  other, 
and  it  would  probably  be  hard  to  convince  the  owners  of  the  lighter 
structure  that  they  should  have  spent  more  money  in  the  steel  frame 
of  their  building,  should  have  paid  more  for  something  hidden  en- 
tirely from  view  and  apparently  unnecessary. 

The  writer  does  not  mean  by  this  to  advocate  designing  structures 
of  this  type  without  regard  to  wind  forces,  but  he  does  believe  that 
there  are  elements  of  strength  here  which  are  not  always  considered. 

The  very  large  direct  loads  producing  practical  continuity  in  the 
columns;  the  accumulated  portal  effect  of  many  girders  properly  con- 
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nected  to  the  columns  at  top  and  bottom;  a  well-oho6en  system  of  Mr.  Worthing- 
deep  girders,  with  columns  properly  located  for  resisting  bending 
stress;  and  the  great  resistance  offered  by  the  substantial  outside  walls, 
all  combine  to  resist  effectually,  in  most  cases,  all  wind  stresses,  with- 
out requiring  any  actual  increase  in  the  cost  of  the  framework,  ex- 
cepting in  gussets  or  lug  angles  on  girders,  and  extra  rivets  for 
connecting  them  to  the  columns. 

The  writer  thinks  that,  for  completeness,  the  following  clause  ought 
to  be  included. 

a. — Rivets  in  tension  members  shall  be  located  so  as  to  cut  out  as 
little  of  the  section  as  possible,  the  rupture  of  a  riveted  tension  mem- 
ber being  considered  as  equally  probable,  either  through  a  transverse 
line  of  rivet  holes  or  through  a  diagonal  line  of  rivet  holes  where  the 
net  section  does  not  exceed  by  30%  the  net  section  along  the  trans- 
verse line.     (From  Cooper'^  specifications,  modified.) 

b, — Tension  and  compression  members  shall  have  connecting  rivets 
placed,  as  far  as  possible,  on  the  line  passing  through  the  center  of 
gravity  of  the  section,  or  else  grouped  symmetrically  about  the  same. 

c.  — In  locating  rivets  of  a  group  intended  to  transfer  a  certain 
stress,  they  shall  be  placed  so  that  the  axis  of  stress,  if  extended,  will 
pass  through  the  center  of  gravity  of  the  group  of  rivets. 

d.  —Rivets  connecting  flange  angles  of  girders  to  the  web  shall  be 
spaced,  at  any  point  in  the  length  of  girder,  not  farther  apart  (in 
inches)  than  the  product  of  the  distance  (in  inches)  between  the  rivet 
lines  in  the  top  and  bottom  flanges,  by  the  governing  value  of  one 
rivet  (in  shear  or  bearing,  as  the  case  maybe),  divided  by  the  shear  at 
that  point. 

The  writer  also  favors  using  for  compression  a  flat  unit  stress  of 

12  500  lb.  for  values  of     equal  to  or  less  than  60,  instead  of  the  variable 

unit  stress  given  by  Mr.  Schneider.  This  simplifies  the  calculations, 
and,  for  such  short  columns  as  are  ordinarily  used  in  structures  of 
this  type,  will  not  affect  the  final  results  materially. 

J.  R.  WoBOBSTBB,  M.  Am.  Soo.  C.  E.  (by  letter).— This  paper  is  a  Mr.  Worcester, 
valuable  contribution  to  the  literature  concerning  building  construc- 
tion, and,  undoubtedly,  it  will  have  the  effect  of  improving  present 
practice  in  a  marked  degree.  At  the  present  time,  more  steel  is 
wasted  in  buildings  than  in  any  other  branch  of  construction  where 
steel  is  used.  Bridge  engineers  have  reduced  designing  to  a  science, 
so  that  the  steel  in  a  bridge  is  distributed  where  it  is  most  needed, 
and  there  are  few  parts  of  a  bridge  structure  that  contain  surplus 
material,  but  the  engineering  of  steel  buildings  is  in  about  the  same 
condition  of  enlightenment  that  surrounded  bridge  building  thirty 
years  ago,  when  all  parts  of  a  bridge,  from  stringers  to  trusses,  were 
designed  for  the  same  uniform  load  per  running  foot. 
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Mr.  Worcester.  The  reason  for  this  is,  largely,  becanse  engineers  are  not  given  a 
chance  to  use  their  discretion  in  the  desigpi  of  bnildings,  but  are 
obliged  to  conform  with  building  laws,  which  must  be  made  so  simple 
that  they  can  be  used  by  men  without  a  technical  training.  Moreover, 
in  the  framing  of  the  laws,  it  is  necessary  that  they  should  be  so  sim- 
ple that  they  can  be  understood  by  legislators  haying  little  interest  in 
matters  of  construction. 

The  consideration  of  the  subject  by  this  Society,  will,  at  least, 
have  the  effect  of  furnishing  an  authority  for  those  interested  in  the 
revision  of  laws  to  refer  to,  and  is  particularly  opportune  at  the  pres- 
ent time,  because,  on  account  of  recent  conflagrations,  the  subject  of 
building-law  revision  is  prominent  in  many  parts  of  the  country. 

The  author,  in  dealing  so  exhaustively  with  his  subject,  has  opened 
up  a  number  of  questions  that  should  be  carefully  considered,  and  it 
is  a  question  whether  he  has  not  gone  a  little  too  far  in  some  of  his 
radical  recommendations  of  changes  in  present  practice.  The  most 
important  question  suggested  is  in  the  reduction  of  the  uniform  load 
per  square  foot  for  floors.  While  the  proposed  single  concentrations 
and  loads  per  linear  foot  for  girders  will,  in  most  cases,  supersede  the 
uniformly  distributed  load  on  floors,  it  does  not  seem  to  be  wise  to 
reduce  this  uniformly  distributed  load  to  a  point  below  that  which  is 
likely  to  be  placed  upon  any  floor.  The  writer  thinks  that  the  author 
has  laid  too  much  stress  upon  the  experiments  by  Messrs.  Blackall 
and  Everett,  in  Boston.  These  gentlemen  investigated  only  three 
office  buildings,  and  it  is  not  likely  that  in  taking  three  buildings  at 
random,  and  making  a  single  examination  of  each,  really  maximum 
conditions  would  be  found.  In  determining  the  maximum  loads  on 
bridge  floors,  it  would  hardly  be  fair  to  select  three  bridges  at  ran- 
dom, measure  up  the  loads  found  upon  them  at  a  certain  time,  and 
consider  that  the  maximum  of  these  three  was  all  that  would  be  neces- 
sary to  provide  for  in  designing  new  bridges.  To  be  sure,  the  load,  in 
the  form  of  office  furniture  and  fittings,  might  be  said  to  be  typical 
of  that  in  all  office  buildings,  but,  in  the  writer's  opinion,  every  part 
of  every  building  should  have  capacity  enough  to  carry  the  load  of  a 
crowd  of  people.  Even  in  dwelling  houses,  all  know  that,  occasionally, 
companies  will  assemble  sufficient  to  make  a  fairly  dense  crowd  in 
several  rooms  at  the  same  time.  According  to  the  experiments*  of 
Professor  L.  J.  Johnson  and  Professor  G.  M.  Spofford,  it  is  within  the 
bounds  of  possibility  to  get  a  load  exceeding  160  lb.  per  sq.  ft.  from  a 
crowd  of  people,  while  80  lb.  per  sq.  ft.  represents  not  more  than  might 
be  easily  assembled  at  a  social  gathering.  If  any  parts  are  designed  for 
40  lb.  per  sq.  ft.,  with  the  usual  unit  stresses  on  the  material,  it  is 
quite  possible  that  the  elastic  limit  might  be  reached  without  exces- 
sive crowding.  To  the  writer,  it  seems  as  if  50  lb.  per  sq.  ft.,  which 
•  Engineering  New,  April  14tli  and  May  6tb,  1904. 
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has  been  the  loading  required  for  dweUings,  hotels,  etc.,  in  a  number  Mr.  Worcester, 
of  cities,  is  low  enough,  though,  with  the  alternative  concentrated 
loadings,  it  seems  as  if  this  might  be  applied  to  office  buildings  and 
public  assembly  rooms,  schools,  etc. 

Taking  up  the  detailed  provisions  of  the  specifications,  the  writer 
would  suggest  the  following  modifications : 

Paragraph  ^.— The  words  "are  likely  to,"  in  the  second  line, 
should  be  changed  to  "can,"  and  the  word  ''distributed  "  should  be 
inserted  before  <*live  loads,"  so  that  the  paragraph  would  read: 

''Flat  roofs  of  office  buildings,  hotels,  apartment-houses,  etc., 
which  can  be  loaded  by  crowds  of  people,  shall  be  treated  as  floors, 
and  the  same  distributed  live  loads  shall  be  used  as  specified  for 
hotels  and  dweUing-houses." 

Paragraph  10. — The  reduction  of  live  loads  on  columns  should  not 
apply  to  warehouses  which  are  likely  to  be  loaded  on  all  floors  at  the 
same  time. 

Paragraph  12. — It  is  an  open  question  whether  30  lb.  per  sq.  ft.  is 
not  an  excessive  wind  pressure  to  allow  on  city  buildings.  Possibly, 
the  author  intends  to  allow  a  certain  amount  of  discretion  as  to  what 
should  be  considered  "  exposed  surfaces."  At  any  rate,  it  seems  as  if 
it  would  be  safe  not  to  require  special  wind  bracing  in  steel  frames  of 
buildings  of  which  the  least  horizontal  dimension  is  as  great  or  greater 
than  the  height. 

Paragraph  13.— It  would  be  better  not  to  include  '*wet  sand" 
with  "  soft  clay,"  as  wet  sand  frequently  has  much  greater  supporting 
power  than  1  ton  per  sq.  ft.  The  writer  would  recommend  increasing 
the  allowable  load  for  ordinary  clay  to  3  tons,  and  for  dry  sand  and 
dry  clay  to  4  tons,  and  for  hard  clay  to  5  tons. 

Paragraph  14. — The  allowable  pressure  on  hard-burned  brick  with 
Portland  cement  mortar  might  safely  be  increased  to  15  tons.  The 
pressures  allowable  for  Portland  cement  concrete  seem  unnecessarily 
conservative;  30  tons  per  sq.  ft.  is  safe  with  either  grade  of  Portland 
cement  concrete  mentioned. 

Paragraph  15. — The  pressures  under  wall-plates  on  brickwork 
with  cement  mortar,  or  rubble  masonry  with  cement  mortar,  might  be 
increased  to  200  lb. ,  on  Portland  cement  concrete  to  40Ulb.,andon 
first-class  sandstone  to  400  lb.  On  granite,  800  lb.  is  all  right,  and  it 
seems  as  if  it  were  advisable  to  have  one  pressure  specified  instead  of 
upper  and  lower  limits. 

Paragraph  19. — In  adopting  the  bridge  formula  for  compressive 
strains  in  columns,  the  author  proposes  very  different  units  from  those 
commonly  allowed.  The  diagram,  Fig.  3,  shows  the  strain  per  square 
inch  allowed  by  various  formulas.  The  ordinates  give  the  unit  strain 
and  the  abscissas  proportions  /  to  r,  between  0  and  300.  It  is  evident 
from  this  diagram  that  there  is  a  wide  divergence  of  opinion  as  to  the 
proper  allowable  units,  and  it  seems  to  the  writer  that,  where  such 
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Mr.  Worcester,  great  yariations  are  found  between  different  authorities,  it  is  absurd  to 
split  hairs  by  calculating  different  unit  strains  for  each  variation  of 
the  value  of  /  to  r.  As  an  alternative  rule  for  compression,  which 
would  give  in  every  case  safe  results  and  be  much  easier  of  applica- 
tion, the  following  is  suggested: 

<<  Columns  may  be  used  with  a  ratio  of  /  to  r  not  exceeding  16,  / 
being  expressed  in  feet  and  r  in  inches.     The  unit  strain  allowed  shall 

be  13  000  lb.  per  sq.  in.  for  —  from  2  to  4,  12  0001b.  from  4  to  6,  with 

r 

a  decrease  of  1  000  lb.  for  each  succeeding  increase  of  2  in  the  ratio  of 

Uor." 

The  result  of  this  rule  is  also  plotted  in  Fig.  3,  and  is  shown  by 

the  stepped  line.     In  the  use  of  this  rule,  practically  all  the  columns 


FORMULAS  FOR  STEEL  COLUMNS 


100  160 

Values  of  Raflos  of  i- 
r 
4(  ATenge  between  values  for  medinm  and  aoft  tteeL 

•f*  Utlng  Rautkine'a  rednoiion  formaUu 

Fio.  8. 


in  the  same  tier  of  a  building  would  be  calculated  for  the  same  unit 
strain,  and  this  would  be  a  round  number,  whereas  a  close  figuring  by 
any  other  rule  would  require  a  large  majority  of  the  columns  to  be 
calculated  separately.  The  economy  of  this  is  readily  appreciated  by 
those  who  have  had  experience  in  designing  building  framework. 

Paragraph  28,—  The  author's  limit  for  compression  members,  126 
times  the  least  radius,  would  in  many  cases  necessitate  a  large  increase 
of  material,  particularly  in  roof  trusses. 

Paragraph  29. — The  rule  of  allowing  the  web  to  be  calculated  in 
the  flange  area  of  plate  girders  is  unsafe  without  the  provision  that, 
where  thus  used,  splices  must  be  made  at  points  where  the  total  flange 
section  is  not  required,  or  special  provision  must  be  made  in  splicing 
to  transmit  bending  moments. 
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Paragraph  33, — A  limit  of  one-fifteenth  of  the  depth  would  in  some  Mr.  Worcester, 
oases  infringe  on  architectnral  clearance  in  a  way  that  wonld  be  very 
troublesome.     The  rale  should  be  arranged  so  as  to  proTide  for  beams 
of  shallower  proportions  than  this,  by  nsing  properly  increased  unit 
strains. 

Paragraph  35. — As  cast  iron  is  allowable  for  column  bases,  even  if 
nowhere  else,  a  limiting  tensile  fiber  strain  should  be  specified. 

Paragraph  37, — It  would  be  interesting  to  know  why  the  author 
considers  it  necessary  to  use,  for  wooden  columns,  a  formula  based  on 
Gordon's,  while,  in  the  case  of  steel  columns,  he  applies  a  straight- 
line  formula.  There  is  even  more  yariety  in  requirements  for  wooden 
columns  than  there  is  for  steel,  as  shown  by  Fig.   4,  in  which  are 
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Ratio  of  Length  to  Least  dimension. 
PiQ.  4. 

plotted  the  strains  allowed  on  yellow  pine  by  the  cities  quoted  in  the 
Appendix.     The  writer  would  suggest  as  a  substitute  the  following: 

*' Columns  may  be  used  with  a  length  not  exceeding  50  times  the 
least  dimension.  The  unit  strain  for  lengths  up  to  10  times  the  least 
dimension  shall  be  as  given  in  Table  3,  with  a  reduction  of  100  lb. 
per  sq.  in.  for  every  increase  of  10  in  the  ratio  of  length  to  least  di- 
mension. " 

Paragraph  39, — It  would  be  in  the  interests  of  permanence  of  con- 
struction if  the  limiting  thickness  of  the  material  in  the  outside  walls 
were  made  A  in.,  and  where  the  protection  is  likely  to  be  not  more  than 
4  in.,  or,  at  most,  8  in.,  of  brick,  it  seems  as  if  this  requirement  should 
be  insisted  upon. 

Paragraph  45, — A  rule  for  the  placing  of  tie-rods,  based  upon 
nothing  except  the  depth  of  the  beams,  is  extremely  rough.  In  many 
kinds  of  construction  where  flat  slabs  are  used,  for  instance,  where  the 
slab  rests  on  top  of  the  beam,  tie-rods  are  practically  superfluous; 
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Mr.  Worcester,  while,  on  the  other  hand,  where  segmental  brick  arches  are  used  for. 
floor  construction,  it  is  quite  possible  that  the  spacing  of  eight  times  the 
depth  of  the  beam  would  be  altogether  too  great  for  small  rods.  To 
make  this  paragraph  correspond  with  the  thoroughness  of  the  re- 
mainder of  the  specification,  it  seems  as  if  a  rule  should  be  given  by 
which  the  tie-rods  could  be  calculated  properly.  The  only  uncer- 
tainty on  this  point  is  as  to  how  much  dependence  should  be  placed 
upon  the  support  afforded  by  the  arches  in  adjoining  bays.  It  is 
unnecessary  to  calculate  on  the  rods  in  one  bay  resisting  the  entire  I 

thrust  from  the  arch  of  that  bay,  provided  the  bay  is  one  of  a  series. 
As  a  simple  rule,  which  is  approximately  correct,  it  is  suggested  that 
rods  sufficient  to  resist  half  the  total  thrust  should  be  provided. 

Paragraph  49. — '*  Connection  angles  "may  mean  a  variety  of  styles 
of  connections,  some  of  which  are  not  desirable. 

Paragraph  54. — The  question  might  be  asked:  What  should  be 
provided  in  the  way  of  splices  if  there  is  no  bending  strain? 

Paragraph  57. — In  many  instances  trussed  purlins  are  economical 
and  good  practice.  The  reason  for  prohibiting  them  should  be  further 
explained. 

Paragraph  61. — In  members  composed  of  two  angles  only,  the 
maximum  pitch,  6  in.,  is  altogether  too  short,  and  does  more  harm 
than  good. 

Paragraph  80. — The  application  of  this  to  building  construction 
would  be  so  rare  as  to  make  the  clause  superfluous. 
Mr.o^Brien.        JosEPH  H.  O'Bbisn,  Assoc.  M.  Am.  Soo.  0.  E.— This  paper  has 
proved  so  interesting  that  the  speaker  has  taken  occasion  to  review  it 
quite  carefully. 

In  what  follows  it  is  not  the  speaker's  purpose  to  criticize  the 
author,  but  merely  to  call  attention  to  some  points  which  seem  to 
need  more  explanation  than  has  been  accorded  them. 

Mr.  Schneider  advises  that  all  floor  beams  for  floors  of  office  build- 
ings be  tested  for  the  maximum  effect  thereon  of  a  concentrated  load 
of  5  000  lb.  (equivalent  to  the  weight  of  the  larger  portable  office  ^ 

safes).     It  is  evident  that  if  a  safe  weighing  5  000  lb.  has  any  appre-  I 

ciable  area,  one  floor  beam  (under  usual  conditions)  would  not  sup-  , 

port  the  entire  weight;  therefore,  5  000  lb.  will  be  a  liberal  and  not  an  i 

actual  value,  if  it  is  assumed  to  be  concentrated  on  one  floor  beam. 

Similarly,  in  regard  to  the  load  of  826  lb.  per  lin.  ft.  determined 
from  the  weight  of  a  filled  plan  case,  the  author  assumes  the  entire 
load  on  one  floor  beam,  although  he  gives  a  width  of  81  in.  for  his 
plan  case.  Of  course,  if  someone  should  pile  the  cases  two  high,  the 
author's  assumed  loading  would  be  increased.  However,  his  assump- 
tion of  the  entire  326  lb.  per  lin.  ft.  on  one  beam  is  so  liberal  that, 
doubtless,  it  would  cover  the  possible  condition  just  referred  to. 

The  speaker's  contention  is  regard  to  distribution  of  load  is  ad- 
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mitted  by  the  author  in  the  case  of  the  book  oases,  but  not  in  the  case  Mr.  O'Brien, 
of  the  5  OOO-lb.  concentrated  load. 

The  author  states  in  the  last  paragraph  of  the  section  entitled 
^*Wind  Loads": 

*'  In  proportioning  the  members  of  the  structure  for  these  tempo- 
rary wind  strains,  it  is  permissible  to  allow  a  higher  unit  strain  than 
for  permanent  work,  say  20  OuO  lb.  per  sq.  in.,  or  about  two-thirds  of 
the  elastic  limit. " 

The  speaker  has  been  accustomed  to  the  use  of  some  such  liberal 
unit  strain  for  wind  bracing  only,  using  the  usual  value  for  perma- 
nently loaded  members,  and  he  thinks  this  practice  to  be  in  conformity 
with  a  strict  interpretation  of  the  New  York  Building  Code.  The 
author  would  permit  an  increased  unit  value  for  strains  due  to  wind 
on  the  entire  structure.  To  carry  out  the  author's  suggestion  it  is 
only  necessary  to  reduce  the  wind  strains  on  permanently  loaded 
parts  of  the  structure  in  the  ratio  of  the  larger  to  the  smaller  unit 
value.  For  example,  if  the  permissible  unit  strain  for  dead  loads  is 
15  000  lb.  per  sq.  in. ,  and  the  supporting  member  considered  sustains 
a  wind  strain  at  intervals  equal  to  60  000  lb.,  then  fifteen-twentieths 
or  three-fourths  of  60  000  lb.,  namely,  45  OOO  lb.,  could  be  used  as  the 
wind  strain  to  be  added  to  the  dead-load  strains  on  the  member,  giving 
a  total  strain  which,  when  divided  by  the  working  unit  for  dead  load 
(15  000  lb.)  would  satisfy  the  author's  recommendation. 

If  the  author's  suggestion  in  this  particular  be  generally  adopted 
it  will  be  necessary  to  make  the  building  laws  more  explicit. 

In  Paragraph  17  of  the  specifications,  the  author  gives  an  item, 

**  Shear,  on  plate-girder  web  (gross  section)  10  000  lb.  per  sq.  in." 

Before  coming  to  New  York  City  the  speaker  had  been  accustomed 
to  use  the  gross  section  in  determining  the  girder  webs  for  building 
work,  but  when  engaged  in  writing  designers'  specifications  for  some 
New  York  City  work,  the  design  of  which  he  is  directing,  he  made 
careful  inquiry  in  regard  to  New  York  City  practice  in  this  particular, 
and  found  that,  even  those  concerns  accustomed  to  exceptionally 
economical  frames  used  the  net  section  in  determining  plate-girder 
webs.  To  be  sure,  the  reduced  strain  in  the  gross  section  of  the  web, 
if  web  rivet  holes  are  deducted,  makes  the  girder  proof  against  buck- 
ling in  most  cases  and,  except  where  good  practice  requires  stifi'eners 
for  other  reasons,  they  could  be  omitted. 

It  is  so  seldom,  however,  that  increased  web-plate  section  versus 
stiffeners  comes  up  for  consideration,  as  related  solely  to  the  plate- 
buckling  value,  that  the  practice  of  deducting  web  rivets  seems  to  the 
speaker  to  be  an  outgrowth  of  some  other  consideration. 

In  searching  for  this  other  consideration,  the  speaker  was  con- 
fronted with  the  possibility  of  loose  rivets  in  the  end-bearing  eti£feners, 
but,  as  the  reaction  gets  into  the  girder  through  the  medium  of  the 
rivets  in  the  end  connection  or  bearing,  and  the  vertical  forces  in  the 
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Mr.  O'Brien,  girder  reach  the  abntment  through  the  same  medium,  the  loose  rivets 
would  cause  an  increased  strain  in  the  tight  ones,  and  as  these  rivets 
if  capable  of  resisting  failure  from  such  a  strain  would,  if  the  plate 
tended  to  shear,  meet  the  resistance  of  two  vertical  shearing  surfaces 
in  the  plate,  it  appears  that,  for  consideration  of  purely  vertical  shear, 
particularly  with  machine  rivets  (which  are  seldom  loose)  in  the  end 
stiffeners  or  connection  angles,  it  is  not  necessary  to  deduct  rivet  holea 
in  determining  the  web  section. 

Another  point  is  that,  possibly,  in  the  case  of  a  girder  riveted  be- 
tween two  columns,  deflection  would  cause  a  tension  in  the  web  coin- 
cident with  vertical  shear,  resulting  in  a  tearing  action  which  might 
cause  failure  at  the  end-riveted  connection. 

The  speaker  is  convinced,  however,  that  it  is  unnecessary,  except 
perhaps  for  heavy  railroad  bridges  (where  very  great  rigidity  is  re- 
quired), to  use  the  net  section  in  designing  plate-girder  webs. 
Mr.  Seaman.  Hknby  B.  Sbamak,  M.  Am.  Soc.  C.  E. — This  paper  is  so  thorough 
in  its  preparation  that  there  is  little  room  for  criticism,  but  there  are 
a  few  points  of  difference  in  practice  to  which  attention  might  be 
called. 

The  provision  of  the  New  York  Building  Law  (Pai^agraph  10),  that 
the  loads  on  the  columns  of  buildings  more  than  five  stories  high,  be 
reduced,  by  considering  that  the  lower  floors  carry  the  lightest  loads, 
seems  to  give  an  erroneous  interpretation  to  the  original  purpose  of 
the  modification  from  the  full  load.  It  provides  that  floors  nearer 
the  roof  may  be  considered  fully  loaded,  while  those  nearer  the  street 
would  be  considered  only  half  loaded.  This  is  contrary  to  probable 
conditions.  The  floors  nearer  the  street  would  naturally  be  loaded 
first,  and,  in  a  crowded  building,  would  be  more  likely  to  remain  fully 
loaded  than  the  floors  above. 

The  purpose  of  the  law  would  seem  to  be  to  provide  for  the  reduc- 
tion of  the  average  simultaneous  load  of  all  floors,  rather  than  merely 
the  unequal  loading  of  the  different  floors.  The  speaker,  therefore, 
would  suggest  the  following  revision  of  the  wording  of  Paragraph  10. 

<*  For  buildings  more  than  five  stories  in  height,  these  live  loads 
may  be  reduced  as  follows: 

*<<  For  columns  supporting  the  roof  and  top  floor,  no  reduction. 

'*  For  columns  supporting  each  succeeding  floor,  a  reduction  of 
6%  of  the  total  live  load  may  be  made,  until  60%  is  reached,  which 
reduced  load  shall  be  used  for  the  columns  supporting  all  remaining 
floors." 

This  will  give  slightly  decreased  sections,  but  it  will  make  ample 
provision  for  safety,  and,  very  evidently,  was  the  original  purpose  of 
these  laws. 

The  provision  for  uniform  dead  load  pressures  on  the  foundations  is 
an  excellent  one. 

The  use  of  the  empirical  right-line  column  formula,  instead  of  the 
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rational  one  of  Bankine,  is  unforfcunate,  although  this  form  has  come  Mr.  Seaman, 
into  quite  common  use.  The  empirical  is  not  more  accurate  than  the 
rational  form,  and  is  of  more  limited  application,  as  shown  by  Para- 
graph 28.  The  two  forms  are  usually  reduced  to  tables,  or  diagrams, 
and  are  equally  convenient.  The  step  from  the  rational  to  the  em- 
pirical seems  to  be  a  step  in  the  wrong  direction. 

The  inconsistency  of  its  adoption  here  is  shown  in  Paragraph  37, 
where  the  Bankine  form  is  used  for  timber. 

The  provision  (Paragraph  25)  that  connections  subject  to  alternate 
strains  '*  shall  be  proportioned  for  the  strain  giving  the  largest  sec- 
tion, **  does  not  seem  to  be  sufficient.  Beversal  of  strain  is  the  greatest 
cause  of  deterioration  in  old  structures.  As  soon  as  the  strain  in  a 
member  is  relieved,  or  reversed,  it  gives  opportunity  for  wear,  and 
should  require  greater  section  than  if  the  strain  acted  continuously  in 
one  direction  and  if  it  were  constantly  applied. 

It  is  quite  a  common  practice  to  allow  one-sixth  of  the  gross  section 
of  the  web  of  plate  girders  to  be  available  as  flange  area.  The  plate 
girder  has  an  advantage  in  strength  and  stiflhess  over  other  forms  of 
built  beams,  and,  to  restrict  the  use  of  web  area  to  one-eighth  (Para- 
graph 29)  seems  to  be  an  unnecessary  refinement,  in  this  class  of 
work. 

The  provision  (Paragraph  49)  that  floor  girders  shall  be  riveted  to 
columns  by  means  of  connection  angles,  implies  that  shelf-angle  sup- 
ports, alone,  are  not  sufficient.  It  would  be  well,  also,  to  avoid  the 
use  of  bolts  wherever  practicable.  Shelf-angle  and  bolt  construction, 
now  in  quite  common  use,  has  little  advantage  over  cast-iron  column 
construction,  at  present  so  generally,  though  perhaps  unjustly,  con- 
demned. Under  these  loose  conditions,  the  wrought-iron  column 
has  not  even  the  advantage  of  cast  iron  as  protection  in  case  of  fire. 
It  might  be  better,  however,  to  specify  that  floor  girders  shall  be  pre 
ferably  riveted  to  coJumns  by  web  connections,  since  the  connection 
to  a  Z-^^^  column,  by  making  a  splice  connection  of  the  diaphragm 
through  the  center  of  the  column,  to  the  web  plate  of  the  girder, 
makes  an  exceedingly  rigid  connection,  especially  desirable  where  the 
ironwork  is  expected  to  resist  vibrations. 

Under  "Material  and  Workmanship,"  Paragraph  12  provides  for 
modification  in  elongation,  of  material  less  than  -f^  in.,  and  more 
than  J  in.  in  thickness.  This  might  well  be  omitted.  Material  more 
than  }  in.  thick  should  not  be  used,  and  it  is  not  worth  while  to  make 
special  provision  for  material  less  than  -^V  in*  thick.  Thin  material 
is  generally  used  for  fillers,  and  need  not  be  tested.  Concessions  in 
required  elongation  of  thick  material  usually  mean  that  it  receives 
less  work  in  manufacture,  and  should  receive  less  strain  in  design. 
It  is  a  convenience  in  manufacture,  but  its  use  should  be  avoided. 
The  special  case  of  pins  and  rollers  is  provided  for  elsewhere. 
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Mr.  Seaman.  The  use  of  pneumatic  hammers,  instead  of  hand  riveting,  insures 
much  better  work  than  formerly.  Provision  should  also  be  made  for 
the  use  of  oil  rivet-heaters,  instead  of  the  hand  forge.  When  these  were 
first  introduced  upon  the  New  York  Subway,  several  years  ago,  they 
both  met  with  considerable  opposition;  but  they  won  their  way  into 
favor,  as  being  both  economical  and  efficient,  and  have  since  come 
into  very  general  use  in  the  field.  The  labor  unions  object  to  the  use 
of  the  oil  rivet-heater,  because  one  man  may  supply  several  gangs,  but 
these  heaters  are  so  superior  to  the  hand  forge  that  their  use  is  justi- 
fied, if  for  only  one  gang 

The  provision  that,  in  cutting  out  rivets,  "great*'  care  shall 
be  taken  not  to  injure  adjoining  metal,  is  a  dangerous  clause 
to  place  in  the  hands  of  an  inexperienced  or  impractical  engineer.  If 
a  well-heated  rivet  is  used  to  replace  the  one  removed,  ordinary  care 
would  be  sufficient,  as  the  metal  is  not  likely  to  be  injured  seriously. 

The  last  eleven  words  of  Paragraph  65,  *'  unless  he  is  not  responsi- 
ble for  the  design  of  the  work,'*  should  be  omitted,  as  a  faulty  design 
is  always  the  designer's  responsibility,  and  should  receive  protest  be- 
fore testing. 

In  closing,  the  speaker  wishes  to  offer  his  thanks  and  his  congrat- 
ulations for  a  very  well-considered  and  exhaustive  paper. 
Mr.  Smith.  Atjgttsttjs  Smith,  M.  Am.  Soo.  C.  E. — Mr.  Schneider's  opportune 
paper  on  the  structural  design  of  buildings  discusses  the  present 
practice  so  concisely,  and,  in  the  comparative  tables  compiled  from 
the  building  ordinances  of  various  cities,  discloses  such  a  surprising 
diversity  of  opinion  as  to  loads  and  allowable  stresses,  that  it  will 
undoubtedly  do  much  to  lead  discussion  on  matters  where  opinions 
seelQ  to  differ  so  widely,  and  to  crystallize  the  thought  of  construct- 
ors in  this  line  of  work,  so  as  to  produce  a  more  uniform  practice. 

It  is  perhaps  logical  that  the  building  laws  of  different  cities  should 
prescribe  different  loads  within  certain  limits,  depending  upon  local 
conditions,  but  surely  the  safe  stresses  for  materials  of  construction 
need  not  vary  for  different  localities. 

The  author  very  pertinently  calls  attention  to  the  rational  design  of 
floors  by  considering  the  effect  of  a  concentrated  load,  as  well  as  a 
uniformly  distributed  load,  and  proportioning  the  floor  joists  and 
girders  to  meet  the  most  severe  condition.  This  method  of  designing 
is  highly  desirable,  for  all  the  reasons  pointed  out  by  the  author,  and 
for  the  further  reason,  which  he  did  not  mention,  that  it  would  be  a. 
more  complicated  method  than  the  one  now  in  vogue,  under  which 
every  architect's  office  boy  thinks  he  is  competent  to  pick  out  the 
right-sized  beams  from  a  rolling-mill  handbook,  and  thus  might  lead 
to  the  more  general  employment  of  competent  engineers  to  design  the- 
framework  of  steel  buildings,  where  mathematical  computations  are. 
desirable. 
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Another  poiDt  which  the  author  has  brought  out  very  forcibly  is  Mr.  Smith, 
the  theory  of  designing  foundations  on  compressible  soils,  with  the 
area  of  the  foundation  made  proportional  to  the  dead  load,  consider- 
ing the  live  load  only  as  a  factor  in  determining  the  allowable  unit 
pressure  on  the  soil.  This  is  very  scientific,  and  should  lead  to  good 
results. 

The  emphasis  laid  by  the  author  on  the  importance  of  considering 
wind  pressure  should  do  much  to  offset  the  carelessness  in  this  respect 
that  is  manifested  by  many  designers  of  buildings  of  moderate  height. 

Surely  the  framers  of  the  present  Building  Laws  of  the  City  of 
New  York  overlooked  such  structures  as  pier  sheds  and  freight  sheds 
when  they  drew  up  Section  140,  which  ends  as  follows: 

*'  In  buildings  under  100  ft.  in  height,  provided  the  height  does  not 
exceed  four  times  the  average  width  of  the  base,  the  wind  pressure 
may  be  disregarded.*' 

At  the  time  these  Building  Laws  were  being  discussed,  the  speaker 
attended  a  '' public  hearing,*'  arranged  by  the  Board  of  Aldermen  for 
the  purpose  of  entertaining  any  objections  that  might  be  made  to  the 
proposed  Law,  and  argued  quite  at  length  on  the  defect  in  this  sec- 
tion on  wind  pressure.  Unfortunately,  a  delegate  from  the  Plumbers* 
Union  was  next  heard  and  made  such  a  fuss  about  certain  provisions 
of  the  law  requiring  less  assistance  from  the  plumbers  than  might 
have  been  called  for  that  the  defect  pointed  out  by  the  speaker  was 
entirely  forgotten. 

It  is  fortunate  that  Mr.  Schneider  has  brought  up  the  question  of 
wind  pressure  in  the  way  he  has.  As  stated  at  the  beginning  of  his 
paper,  he  invites  discussion  and  criticism  of  the  proposed  specifica- 
tions and  of  the  many  new  statements  and  figures  contained  therein. 

Confining  this  discussion  to  **Part  I— Design,'*  the  speaker  has  the 
following  suggestions  and  criticisms  to  offer  on  the  subject  matter  of 
the  following  paragraphs: 

Paragraph  3, — Table  2  proposes  a  new  requirement,  for  loads  in 
buildings,  which  is  intended  to  be  more  nearly  in  accordance  with  the 
actual  loads  which  the  buildings  will  be  called  upon  to  sustain.  In 
offi'ce  buildings,  a  proposed  uniformly  distributed  load  of  40  lb.  per 
sq.  ft.  of  floor  is  called  for.  The  average  of  the  requirements  of  eight 
cities,  in  this  respect,  as  given  in  Table  5,  is  82  lb.  per  sq.  ft. 

The  application  of  Table  2  will  show,  as  pointed  out  by  the  author,, 
that  in  most  cases  the  floor  would  be  designed  for  the  concentrated 
loads  and  loads  per  linear  foot  on  girders,  whether  the  distributed 
load  were  taken  at  40  or  80  lb.  per  sq.  ft.  of  floor,  and  the  concen- 
trated loads  and  loads  per  linear  foot  seem  to  have  been  chosen  very 
wisely.  Therefore,  the  following  remarks  about  the  distributed  load 
are  somewhat  academic.  Nevertheless,  the  light  distributed  load& 
prescribed  for  office  buildings,  assembly  rooms  with  fixed  seats,  and 
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Kr.  Smith,  ordinary  stores,  at  first  glance  look  like  a  radical  departure  from 
present  practice,  and  seem  to  the  speaker  to  have  a  bad  *' moral 
effect  "  For  instance,  the  architect*s  ofBce  boy  may  still  venture  on 
the  problem  and  get  his  figures  tangled  up  so  that  a  floor  may  be  de- 
signed for  40  lb.  per  sq.  ft.  instead  of  for  the  concentrated  loads  pre- 
scribed by  the  table,  and  it  is  easier  and  safer  to  avoid  such  a  mistake, 
by  prescribing  a  heavier  distributed  load,  than  it  would  be  to  detect 
the  mistake  after  the  plans  were  out. 

The  real  reform  aimed  at  by  revising  the  distributed  loads  in 
Table  2  is  probably  in  the  design  of  columns,  as  would  appear  later  by 
the  provisions  of  Paragraph  9.  This  reform,  however,  could  doubtless 
be  accomplished  in  some  other  way. 

A  distinction  is  made  in  Table  2  for  distributed  load  between  as- 
sembly rooms  having  fixed  seats  and  assembly  rooms  without  fixed 
seats.  To  the  speaker  it  does  not  seem  proper  to  make  this  distinction, 
because  a  dancing  floor  is  frequently  constructed  over  the  tops  of  the 
seats  in  such  rooms,  and,  even  when  the  seats  are  used,  an  audience  is 
quite  apt  to  stamp  in  unison,  which  would  have  nearly  the  same  effect 
on  the  floor  as  dancing  or  marching  would  have. 

Again,  ordinary  stores  or  light  manufacturing  buildings  would 
seem  to  involve  very  similar  loading  to  ofiice  buildings,  and  401b.  for 
this  service  seems  to  be  very  light.  The  average  of  the  requirements 
of  nine  cities  given  in  Table  5  is  119  lb. 

The  speaker  agrees  with  the  author  that,  in  many  cases,  the  loads 
assumed  for  floors  have  been  excessive,  and  thinks  that  all  the  author 
has  said  about  reducing  tbe  load  on  columns  and  on  foundations  is 
sound,  but  when  there  is  so  much  money  available  for  ornamentation 
in  of&oe  buildings,  there  does  not  seem  to  be  sufficient  reason  for 
lightenmg  the  floor  construction  in  buildings  of  this  class  as  much  as 
Table  2  might  allow  in  certain  cases. 

In  dwellings,  on  the  other  hand,  there  is  a  positive  advantage  in 
economizing  the  design  so  that  steel- framed  buildings  may  be  within 
the  scope  of  the  usual  appropriation.  The  only  reason  why  steel- 
framed  dwellings  are  not  more  generally  adopted  is  the  higher  cost, 
and  the  loading  prescribed  in  Table  2  will  do  something  to  reduce  this 
and  thus  encourage  the  construction  of  dwellings  of  this  class. 

The  speaker  would  suggest,  therefore,  that  office  buildings, 
assembly  rooms  (with  or  without  fixed  seats),  and  ordinary  stores  and 
light  manufacturing  buildings,  should  be  grouped  together  and 
designed  for  a  distributed  floor  load  of  not  less  than  75  or  80  lb.  per 
sq.  ft. ,  with  the  further  provision  for  concentrated  loads  and  girder 
loads  given  in  Table  2. 

Paragraphs  7  and  8. — There  would  seem  to  be  a  typographical 
error  in  pJacmg  the  weight  of  corrugated  sheeting  on  purlins  at  5i»  lb. 
and  gravel  on  boards  having  a  steep  pitch  at  40  lb.     Why  should  not 
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the  dead  load  of  roofs  be  calculated  as  provided  for  floors  in  Para-  Mr.  SmitX 
graphs  1  and  2,  and  only  the  live  loads  discnssed  in  Paragraphs  7 
and  8? 

For  the  past  eight  years,  the  speaker,  with  unvarying  satisfaction 
to  himself  and  his  clients,  has  used  the  general  specifications  for 
roofs  and  iron  buildings,  by  Charles  Evan  Fowler,  M.  Am  8oc.  O.  E., 
of  which  a  fourth  revised  edition  was  issued  in  1901.  The  loadings  of 
Fowler's  specifications,  both  for  wind  and  snow,  seem  to  be  preferable 
to  the  loadings  given  in  Paragraphs  7  and  8. 

Paragraph  9. — The  distributed  loads  prescribed  in  Table  2  were 
doubtless  selected  with  the  design  of  the  columns  in  view,  and,  if 
changed  as  suggested  by  the  speaker,  would  involve  the  rewording  of 
this  paragraph. 

Paragraph  12, — A  wind  pressure  of  30  lb.  per  sq.'  ft.  is  called  for  in 
the  New  York  Building  Laws,  for  buildings  more  than  100  ft.  high, 
with  an  allowable  unit  stress  of  bO%  more  than  for  dead  or  live  loads. 
Fowler  gives  20  lb.  for  buildings  less  than  20  ft.  high  and  30  lb.  for 
buildings  60  ft.  high,  with  no  eitra  allowable  unit  stress. 

The  author  prescribes  a  wind  pressure  of  30  lb.  per  sq.  ft.,  with  an 
excess  ot26%  in  the  allowable  unit  stresses,  and  provides  further  that 
the  framework  shall  be  figured  as  an  independent  structure  and  de- 
signed to  resist  wind  without  walls,  partitions  or  fioors.  It  is  ob- 
viously true  that  the  wind  pressure  cannot  be  quite  as  great  near  the 
g^round  as  it  is  some  distance  above  it«  and  it  is  also  probably  true  that 
large  areas  cannot  be  subjected  to  the  same  pressure  per  square  foot 
as  a  small  area  would  be.  For  instance,  the  fiat  side  of  a  building 
must  have  a  wedge  of  dead  air  in  front  of  it,  which  would  probably 
have  the  efiect  of  reducing  the  total  wind  pressure  on  the  projected 
area  perhaps  one-half.  On  the  other  hand,  the  small  areas  of  the 
frame  of  a  structure  do  not  have  this  advantage,  and,  on  these  small 
areas,  would  it  not  be  better  to  take  50  lb.  per  sq.  ft.,  as  it  is  com- 
monly specified  for  wind  pressure  on  bridges?  It  would  appear,  also, 
to  make  simpler  computations  if  the  assumed  wind  pressure  on  the 
side  of  the  building  were  reduced  and  no  additional  unit  stress 
allowed  in  the  frame,  which  is  the  method  of  computation  adopted  by 
Mr.  Fowler. 

Paragraph  13. — The  permissible  pressure  on  foundations  is  so  dif- 
ficult to  describe  in  general  ppecifications  and,  in  a  certain  sense,  be- 
ing not  quite  relevant  to  the  design  of  the  building  itself,  that  it  might 
be  advisable  to  omit  Paragraph  13  altogether.  If,  however,  some  spe- 
cification for  pressure  is  desirable,  the  depth  of  the  foundation  should 
enter  as  a  factor.  To  borrow  some  words  from  Naval  Architecture,  it 
is  apparent  that  the  buoyancy  of  the  soil  is  a  function  of  the  depth  of 
the  displacement  of  the  building  or  other  structure. 

Paragraph  14. — It  is  to  be  noted  that  the  author  has  given  Port- 
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Mr.  Smith,  land  cement  concrete  considerably  higher  value  than  bricks  or  rubble 
masonrj  laid  in  Portland  cement  mortar.  If  the  allowable  yalues 
given  by  the  Building  Laws  of  the  Oity  of  New  York  are  correct,  the 
proposed  value  of  hard -burned  brick  and  rubble  in  Portland  cement 
mortar,  as  given  by  the  author,  would  seem  to  be  low. 

Paragraph  16. — No  formula  has  been  suggested  for  determining 
the  bearing  power  of  piles  driven  by  a  steam  hammer.  The  speaker 
is  not  prepared  to  suggest  any  formula  for  this  class  of  work,  but 
would  call  attention  to  the  desirability  of  one. 

Paragraph  21. — There  would  seem  to  be  a  typographical  error  in 
prescribing  600  d  for  the  pressure  on  expansion  rollers  per  linear  foot. 
Probably  per  linear  inch  was  intended.  The  late  J.  B.  Johnson,  M. 
Am.  Soo.  C.  E.,  gives  for  this  pressure  P  =  1  200  v^ST  If  d  were 
taken  as  1  in.,  th» author's  formula  would  give  one-half  of  Johnson's 
allowable  load,  but  if  (/were  taken  equal  to  4  in.,  the  allowable  pressure 
would  be  the  same  by  both  formulas.  From  a  superficial  inspection, 
it  would  seem  to  be  more  logical  to  take  the  pressure  directly  propor- 
tional to  the  diameter  than  to  the  square  root  of  the  diameter. 

Paragraph  22. — It  seems  to  the  speaker  unsound  to  treat  a  com- 
bination of  transverse  loading  with  tension  or  compression  by  the  same 
formula.  Certainly,  transverse  loading  o(  a  compression  member  is 
more  dangerous  to  the  safety  of  a  structure  than  the  transverse  load- 
ing of  a  tension  member. 

Paragraph  29. — The  speaker  would  prefer  to  have  the  second  sen- 
tence read: 

<<  The  compression  flange  shall  have  at  least  the  gross  sectional 
area  of  the  tension  flange,  etc." 

Paragraph  30. — The  speaker  would  suggest  adding  the  words, 
''and  shall  preferably  be  designed  as  a  strut  with  transverse  loading 
with  adequate  moment  of  inertia  laterally."  The  speaker  happens  at 
the  present  time  to  be  strengthening  a  crane  run-way  in  which  the 
length  of  the  compression  flange  was  22  times  its  width,  but  in  which, 
if  the  flange  had  been  one-twentieth  of  the  length  of  the  girder,  the 
result  would  probably  not  have  been  satisfactory. 

Paragraph  33. — The  limiting  depth  of  roof  purlins,  if  continuous 
over  more  than  one  span,  may  be  less  than  one-thirtieth  of  the  span 
and  give  satisfactory  results.  The  speaker's  practice  for  continuous 
purlins  over  three  supports,  has  been: 

4-in.  purlins  for  12-ft.  span, 

K    ((  ((  <(       1^    <(  «( 

g    (I  <<  ((       ^g    <(  <( 

7  **        **  **     18  *'       **  and 

8  <<  a  «      20    **         ** 

The  last  size  of  purlin  is  one-thirtieth  of  the  span,  but  the  others 
are  less. 
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Paragraph  42, — The  speaker  would  suggest  making  this  paragraph  Mr.  Smith, 
read: 

''  The  strength  of  connections  shall  be  sufficient  to  develop  the  full 
strength  of  the  member,  except  in  the  case  of  shapes  used  in  tension,  or 
where  extra  material  has  been  used  to  reduce  deflection  or  distortion.  ** 

Paragraph  45. — The  speaker  would  call  attention  to  the  fact  that 
aV  in.  per  foot  of  span  for  a  fire-proof  floor  is  a  very  considerable  de- 
flection to  allow  if  the  load  producing  it  is  apt  to  occur  frequently. 

Paragraph  49. — It  would  be  wise  to  add  to  this  paragraph: 

*'If  shelf  angles  or  other  supports  are  calculated  to  take  any 
fihare  of  the  load  imposed  by  the  end  of  a  beam  or  plate  girder,  the 
beam  or  girder  shall  be  riveted  securely  to  the  shelf  angle  or  other 
support. " 

The  object  of  this  requirement  is  to  assure  the  bearing  on  the  shelf 
angle  that  was  assumed  in  the  calculations. 

Paragraph  56.— -The  provision?  of  this  paragraph  are  frequently 
difficult  to  meet,  in  the  case  of  the  intersection  of  the  top  and  bottom 
chords  of  flat  triangular  roof  trusses,  without  making  the  depth  of 
the  truss  over  the  supporting  column  so  shallow  as  not  to  provide 
sufficient  metal  to  take  care  of  the  shear.  It  would  be  desirable  to 
add,  to  take  care  of  this  and  other  similar  cases,  the  words: 

"  And  when  this  is  impracticable,  the  resulting  eccentricity  must 
be  computed  and  provided  for. " 

Paragraph  57. — In  the  case  of  long  roofs,  such  as  pier  sheds,  it  is 
not  necessary  that  all  the  roof  trusses  shall  be  braced  in  pairs,  for  the 
reason  that  the  purlins  or  roof  planking  can  be  relied  upon  to  sustain 
intermediate  trusses,  if,  at  suitable  intervals,  a  pair  of  roof  trusses  be 
braced  together.  Perhaps  it  would  be  sufficient  to  obtain  good  con- 
struction if  this  paragraph  were  made  to  read: 

*^  At  least  50%  of  the  roof  trusses  of  a  building  shall  be  braced 
together  in  pairs  at  suitable  intervals  in  the  plane  of  the  top  chord, 
if  the  roof  covering  Is  carried  on  purlins  or  jack-rafters." 

If  roof  planking  be  secured  directly  to  the  trusses,  which  is  fre- 
quently the  case,  the  planking  can  be  relied  upon  for  sufficient 
bracing. 

There  would  seem  to  be  no  gain  in  bracing  the  bottom  chords  of 
the  roof  trusses,  unless  in  special  cases  it  should  be  necessary  to  take 
^care  of  the  wind  pressure  against  the  sides  or  ends  of  the  building  by 
bracing  in  the  plane  of  the  bottom  chord.  Boof  trusses  of  the  old 
style,  with  round  wrought-iron  rods  for  tension  members,  were  not 
braced  in  the  plane  of  the  bottom  chord,  and  they  seem  to  get  along 
quite  as  well  as  trusses  of  the  new  style,  built  of  angle  iron,  where 
the  convenience  of  the  connection  seems  to  tempt  the  designer  to  add 
a  lot  of  bracing. 

The  bottom  chord  of  a  roof  truss  is  in  tension,  and,  necessarily, 
takes  the  shortest  line  between  the  points  of  support,  and  will  stay 
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Mr.  Smith,  there,  in  consequence  of  the  load  on  the  truss,  without  anj  bracing. 
The  requirements  of  Paragraph  57  would  seem  to  call  for  unnecessary 
bracing. 

Paragraph  79, — Expansion  rollers,  considerably  less  than  4  in.  in 
diameter,  would  seem  to  have  a  legitimate  field  for  use  under  such 
girders  and  trusses  as  are  apt  to  be  found  in  building  design. 

Paragraph  SI, — The  wording  of  this  paragraph  would  indicate 
that  columns  not  strained  in  tension  at  their  base  need  not  be  an- 
chored to  the  foundations.  It  has  always  seemed  to  the  speaker 
advisable  to  anchor,  or  at  least  dowel,  columns  to  foundations,  whether 
or  not  they  are  strained  in  tension,  for  the  reason  that  changes  of 
temperature  or  minute  vibrations,  by  moving  the  base  of  the  column, 
always  in  the  direction  of  the  least  resistance,  would  tend  to  make  it 
'*  creep*'  off  the  foundation,  and,  although  this  would  be  impossible 
in  the  case  of  a  large  building  supported  by  many  columns  and  sunk 
some  distance  in  the  ground,  it  would  possibly  tend  to  set  up  trans- 
verse stresses  in  the  unanchored  columns  to  keep  them  in  place  on 
their  foundations. 
Mr.  Coombs.  R.  D.  CooMBS,  Jr.,  Assoc.  M.  Am.  Soo.  C.  E.  (by  letter). — ^The 
writer  does  not  think  that  the  40  lb.  per  sq.  ft.  uniform  live  load,  for 
hotels,  theaters,  schools,  etc.,  in  the  author'svery  timely  specifications, 
is  high  enough.  At  least,  it  would  seem  that  a  greater  value  should 
be  used  in  hallways,  lobbies  and  assembly  rooms,  of  theaters  and 
college  bnildings.  If  the  calculated  load,  156  lb.  per  sq.  in.,  obtained 
by  Professor  Spofford,  did  not  require  uncomfortable  crowding,  then 
much  higher  loads  than  40  lb.  must  frequently  occur. 

Students  leaving  a  classroom,  coincident  with  the  arrival  of  the 
coming  class,  would  increase  the  load  carried  by  the  hallway  beams 
and  girders  to  more  than  this  figure.  In  class  '^  rushes,"  whether 
impromptu  or  premeditated,  coming  under  the  writer's  observation 
while  in  college,  the  men  were  **very  uncomfortably"  crowded  over 
a  hall  area  of  about  300  sq.  ft. 

With  the  possibility  of  similar  loading,  it  would  seem  desirable  to 
specify  a  live  load  of  100  lb.  per  sq.  ft.  for  beams  and  girders. 

Paragraph  65  of  Part  II. — This  paragraph,  as  worded,  would 
relieve  the  contractor  of  the  cost  of  members  which  might  be  faulty 
in  design  and  deficient  in  unit  strength;  whereas  the  latter  considera- 
tion should  cause  the  rejection  of  the  material.  As  a  modification,  it 
is  suggested  that  the  paragraph  be  worded : 

**If  it  does  not  develop  the  specified  unit  stress  at  the  point  of 
maximum  stress,  it  will  be  considered  rejected  material  and  be  solely 
at  the  cost  of  the  contractor. " 

Mr.  Llewellyn.  F.  T.  LiiEWELLTN,  Assoc.  M.  Am.  Soc.  C.  E. — This  paper  forms  a 
valuable  contribution  to  engineering  literature,  particularly  because 
it  deals  with  a  branch  which  is  of  th'e  utmost  importance  to  the  capi- 
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talist,  the  engineer,  and  the  occupants  of  buildings,  but  which,  Mr.  Llewellyn, 
strangely  enough,  has  received  much  less  critical  investigation  and  is 
based  on  a  more  variable  practice  to-day  than  almost  any  other  line, 
unless  it  be  that  of  reinforced  concrete.  In  both  these  subjects  engi- 
neers seem  to  have  reverted  to  those  old  Hebrew  times  when  every 
man  did  that  which  was  right  in  his  own  eyes,  and  naturally  wrong  in 
his  neighbor's.  The  ingenious  methods  proposed  by  Mr.  Schneider 
must  tend  to  bring  every  man  and  his  neighbor  into  greater  uniform- 
ity, and  along  lines  that  seem  self-evidently  reasonable.  There  may 
be  difference  of  opinion  regarding  the  precise  figures  to  apply  as  floor 
loads,  working  stresses,  shop  practice,  or  quality  of  material,  but  the 
method  of  proportioning  the  structure,  from  the  floor  joists  down  to 
the  foundations,  is  so  logical,  and  in  line  with  what  has  proved  proper 
in  bridge  construction,  that  it  promises  to  result  in  greater  conformity 
and  security,  and  with  better  disposition  of  material,  at  probably  no 
greater  cost.  It  is  to  be  regretted  that  these  specifications  could  not 
receive  the  test  of  actual  use  as  a  basis  for  more  intelligent  criticism 
at  this  time. 

The  particular  feature  of  the  specifications  which  the  speaker  pro- 
poses to  discuss  is  their  practical  result,  which  appeals  to  those  special- 
izing on  structural  work.  The  floor  joists  would  be  generally  some- 
what heavier  than  in  existing  practice;  short  beams  would  be  consid- 
erably heavier,  and  floor  girders  would  be  somewhat  lighter.  These 
modiflcations  would  reduce  the  total  thickness  of  floors,  and  mini- 
mize projecting  girders,  which,  in  hotels  and  loft  buildings,  where 
partition  arrangements  are  subject  to  change,  is  very  desirable. 

Unduly  light  coping  and  other  connections  would  be  eliminated, 
resulting,  not  only  in  greater  strength  under  concentrated  floor  loads, 
but  also  allowing  more  security  to  the  erector  in  the  way  of  derrick 
fasteningH  and  guy-line  hitches,  for  the  man  on  the  job  will  hitch  to 
the  handiest  piece,  which  is  also  generally  the  smallest.  Increased 
uniformity  in  coping  connections  would  be  feasible,  permitting  the 
use  of  multiple  punches,  and  facilitating  the  preparation  of  shop  de- 
tails. There  would  be  less  variety  in  the  sizes  of  beams  required, 
thereby  securing  quicker  rollings  of  material  at  the  mills.  There 
wo  aid  be  less  violent  changes  in  the  column  sections  from  story  to 
story,  to  the  lasting  happiness  of  the  shop  draftsman,  and  also  per- 
mitting fewer  sizes  of  fire-proofing  and  masonry.  The  proposed 
method  of  proportioning  foundations  seems  to  be  admirable,  especially 
where  rock  is  not  reached. 

Paragraph  16. — The  explanation,  **  Tr=  weight  of  hammer,  in 
tons,"  should  be  inserted  in  this  paragraph. 

There  is  an  apparent  discrepancy  between  the  allowed  use  of 
Bessemer  steel  in  Paragraph  2  of  Part  II  and  the  chemical  require- 
ments of  Table  4. 
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Mr.  Llewellyn.  In  Paragraph  1  of  Part  II  oast;  iron  is  allowed  for  column  bases 
and  bearing  plates,  and  in  Paragraph  35  of  Part  I  its  allowable 
unit  stress  in  compression  is  given;  but,  in  proportioning  the  thick- 
ness of  such  plates,  bending  must  be  calculated,  and  the  allowable 
unit  stress  in  tension  should  be  inserted.  It  is  suggested  that  3  000 
lb.  per  sq.  in.  would  be  proper,  or  a  combined  bending  stress  of  5  000 
lb.  per  sq.  in.,  on  the  average  cross-section  between  ribs,  would  allow 
ready  calculation,  with  fair,  if  not  accurate,  results. 

The  most  serious  omission,  however,  occurs  in  Paragraph  21  of 
Part  II.  The  specifications  allow  the  use  of  cast  iron  for  base  plates, 
but  do  not  stipulate  closely  enough  the  necessary  safeguards,  and 
that,  too,  in  items  which  sustain  the  entire  weight  of  the  building. 
Provision  is  made  for  tests  and  finish,  but  there  is  silence  regarding 
the  most  important  feature  of  cast  iron,  namely,  its  inspection  at 
every  stage,  and  particularly  an  early  morning  inspection  of  cast- 
ings, poured  over-night,  while  being  shaken  out.  One  great  advantage 
of  rolled  steel  is  its  accessibility  to  inspection  at  every  stage,  and 
cast  iron,  if  used  at  all,  should  be  similarly  accessible.  To  illustrate 
the  need  of  this  inspection,  one  need  but  glance  at  the  advertising 
pages  of  any  foundry  journal,  where  such  names  as  *•  Smooth-it- over," 
*'Pile-it-on,"  or  "Filler-up"  are  given  to  substances  sold  for  the  pur- 
pose of  concealing  defects  in  castings.  The  foundry -man  welcomes 
visitors  to  inspect  the  mysterious  methods  of  sand  or  sweep  moulding, 
or  to  witness  the  sprays  of  sparks  that  fiy  from  the  molten  metal 
while  a  heat  is  b^ing  taken  off  at  night,  but  one  should  see  the  result 
in  the  ''cold  gray  dawn  of  the  morning  after,"  before  it  can  be 
doctored. 

During  the  middle  ages  progress  was  slow,  for  the  reason  that  aU 
crafts  were  secret.  The  advance  in  the  modern  use  of  steel  is  due 
largely  to  the  opposite  policy,  and  the  facilities  for  inspecting  the 
product  at  all  stages,  not  only  ensure  its  reliability,  but  offer  oppor- 
tunities for  each  steel  master  to  improve  on  his  neighbor's  methods; 
nor  have  they  been  slow  to  do  so.  One  reason  why  there  is  to-day  so 
much  doubt  as  to  the  safety  of  cast  iron  (an  excellent  material  in  its 
proper  place)  is  because  short-sighted  iron-founders  have  attempted  to 
force  its  use  where  it  has  no  place,  and  have  bolstered  up  their  claims 
by  statements  which  cannot  be  investigated  on  account  of  their  se- 
cretive policy  in  reference  to  its  most  important  period,  namely,  just 
after  cooling.  Until  this  attitude,  a  relic  of  medieval  barbarism,  is 
removed,  it  will  not  be  possible  to  estimate  properly  the  real  value  of 
cast  iron  as  an  engineering  material. 

Some  of  the  very  valuable  tables  placed  in  the  appendix  to  this 
paper  should  be  removed  to  the  body  of  the  specifications  iot  clearer 
reference. 
Mr.  Cooper.        Thbodobe  Cooper,  M.  Am.  Soc.  C.  E.  (by  letter).— It  is  very  de- 
sirable that    specifications  for    the  structural  features  of  buildings 
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should  be  brought  into  some  general  uniformity  based  on  technical  Mr.  Cooper, 
common  sense.  Of  course,  absolute  uniformity  is  not  to  be  expected, 
for  even  experts  are  not  yet  in  harmony  as  to  the  minor  details  of  any 
class  of  construction.  Mr.  Schneider  has  done  a  good  work  in 
bringing  so  important  a  subject  up  for  consideration  and  discus- 
sion. 

If  the  discussion  tends  to  produce  any  substantial  agreement  as 
to  live  loads  to  be  used  for  the  yarious  cases  of  everyday  practice,  as 
it  should,  a  great  advance  will  have  been  made  in  building  practice. 
On  the  subjects,  unit  strains,  details  of  construction,  shop  practice 
and  material  specifications,  there  are  less  differences,  differences 
which  it  would  be  useless  to  discuss  until  there  is  a  reasonable  agree- 
ment as  to  the  live  loads  which  are  to  be  used. 

In  practice,  it  is  the  concentrated  loads  which  determine  the 
strength  or  safety  of  the  floors  and  building.     Uniform  loads,  suffi-  ' 
ciently  high  to  cover  the  concentrated  loads,  produce  wasteful  con- 
struction, without  any  compensating  benefit  to  the  building. 

The  method  proposed  by  Mr.  Schneider,  adopting  a  uniform  load 
sufficient  to  cover  all  cases,  where  the  load  may  be  uniformly  distri- 
buted, and  then  supplementing  this  with  a  concentrated  load  to  pro- 
vide for  any  excessive  local  loadings,  is  in  the  line  of  economic  and 
therefore  good  engineering. 

The  distributed  load  of  40  lb.  adopted  by  the  author  for  people 
and  ordinary  fittings  in  rooms  and  offices  is,  in  the  writer's  opinion, 
a  liberal  allowance.  Booms  are  not  loaded  by  dropping  the  last  pos- 
sible person  into  the  seething  mass  below  by  means  of  tackle,  as  has 
been  done,  to  determine  the  weight  of  crowds. 

In  an  assembly  room  of  any  kind,  great  local  concentration  of 
people  may  be  caused  by  a  fire,  fight,  or  panic,  yet  the  load  over  the 
whole  fioor  will  not  be  increased.  Most  people  have  experienced  the 
discomfort  of  a  crowded  £levated  Railroad  car,  when  not  another  per- 
son could  be  squeezed  inside  of  the  gates.  Such  a  crowd  numbering 
about  120  persons  and  not  weighing  more  than  18  000  lb.  is  contained 
in  a  space  of  about  400  sq.  ft.,  including  platforms,  or  46  lb.  per 
sq.  ft. 

A  weight  of  this  kind  would  not  be  expected  in  living  or  office 
rooms,  theaters,  churches,  schools,  armories,  ballrooms,  etc.,  over 
the  whole  fioor.  A  popular  reception  or  a  panic  might  produce  this, 
or  a  somewhat  larger  loading  in  the  aisles  or  corridors,  or  on  the 
stairways,  but  this  would  be  taken  care  of  by  the  concentrated  load. 

The  author  has  allowed  for  100^  itnpact  and  vibration,  or  has  in- 
creased his  uniform  local  to  80  lb.  for  ballrooms,  drill  rooms,  etc. 
This  is  liberal,  for  when  people  are  packed  in  so  as  to  weigh  40  lb.  per 
sq.  ft.  of  floor,  there  will  not  be  much  marching  or  dancing.  Instead 
of  this  allowance  of  lOOj^o  in  all  cases,  it  would  be  better  and  more  just 
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Mr.  Cooper,  to  make  the  allowance  variable  with  the  dead  weight  of  the  floor,  as 
heavy  solid  floors  should  have  an  advantage  over  those  of  light 
weight. 

The  concentrated  loads  adopted  by  the  author  appear  to  have  been 
well  selected  for  the  several  cases. 

Paragraph  13.— In  this  paragraph  the  word  '*  permissible  "  should 
be  omitted,  and  the  words  "Pressure  on  foundations  not  to  exceed" 
used  instead.  It  is  not  safe  to  define  the  permissible  pressures  on  a 
foundation  solely  on  a  general  classification  of  soils.  Limiting  press- 
ures may  be  specified,  subject  to  reduction  by  local  experience  or 
examination. 

The  classifying  of  soft  clay  and  wet  sand  together  must  be  a  typo- 
graphical error. 

Paragraph  31, — The  straight-line  formulas  for  timber,  as  deduced 
from  the  Watertown  tests  on  timber,  should  be  used,  as  a  simpler 
form  and  based  on  actual  tests. 
Mr.  Post.  Henby  W.  Post,  M.  Am.  Soc.  0.  E.  (by  letter).— It  is  to  be  hoped 
that  the  presentation  of  this  paper  will  lead  to  the  adoption,  through- 
out the  country,  of  a  uniform  set  of  standard  specifications  covering 
all  systems  of  building  construction. 

In  view  of  the  extremely  short  time  usually  allowed  an  engineer 
for  designing  the  structural  portion  of  a  building,  any  general  infor- 
mation which  can  be  embodied  in  the  specifications,  or  any  clause 
which  will  lessen  as  much  as  possible  the  amount  of  calculation 
involved,  will  contribute  to  save  valuable  time.  In  the  matter  of  dead 
loads  it  seems  as  if,  considering  the  large  number  of  well-known 
systems  of  floor  construction,  they  might  be  divided  into  groups  or 
classes  with  an  approximate  dead-load  value  for  each  class,  as,  for 
example,  flat-tile  arches,  segment  arches,  concrete  slab  construction, 
etc. ,  to  include  in  each  case  the  weights  of  all  the  material  to  make 
the  finished  fioor. 

The  weight  of  partitions  often  forms  a  very  large  proportion  of 
the  dead  load,  and,  as  frequently  happens,  their  location  is  materially 
changed  after  the  structure  is  completed.  Under  such  circumstances 
it  would  seem  advisable  to  provide  in  the  calculations,  not  only  for 
the  partitions  as  they  are  shown  on  the  plans,  but  also  for  every  other 
possible  location,  or  else  make  suitable  provision  in  the  assumption 
of  the  live  load. 

The  live-load  units,  as  specified  in  most  of  the  building  laws,  seem 
to  be  excessive,  but,  in  the  writer's  opinion,  the  dead-load  units  for 
floors  are  often  guessed  at,  and  the  partition  weights  neglected  alto- 
gether, so  that  the  result  given  by  the  combined  loads  is  not 
excessive. 

The  following  live-load  units  are  suggested : 

For  apartments,  dormitories,  dwellings,  hospitals,  hotels,  etc., 
40  lb.  per  sq.  ft.  or  2  000  lb.  concentrated  at  any  point. 
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For  schools,  theater  galleries,  and  churches,  60  lb.  per  sq.  ft.  Mr.  Post. 

For  office  bnildiDgs,  above  the  ground  floor,  60  lb.  per  sq.  ft.,  or 
5  000  lb.  concentrated  at  any  point. 

For  ground-floor  oflices,  stores,  light  manufacturing,  stables  and 
carriage-houses,  80  lb.  per  sq.  it.,  or  5  000  lb.  concentrated. 

For  assembly  rooms,  main  floors  of  theaters,  armories,  and  their 
corridors,  or  for  any  room  likely  to  be  used  for  drilling  or  dancing, 
100  lb.  per  sq.  ft. 

For  sidewalks  in  front  of  stores  or  warehouses,  it  is  not  uncom- 
mon to  see  large  quantities  of  merchandise  piled  up,  or  heavy 
machinery  carried  over,  so  that  a  load  of  250  to  300  lb.  per  sq.  ft. ,  or 
a  concentrated  load  of  from  8  OuO  to  10  000  lb. ,  does  not  seem  excessive, 
but,  for  sidewalks  in  front  of  dwellings,  a  much  lighter  load  might 
be  specified. 

For  lofts,  storage,  printing  houses,  or  for  heavy  manufacturing 
purposes  the  live  load  should  be  determined  by  the  requirements  of 
the  business. 

As  to  the  bearing  of  beams  or  girders  on  walls,  it  is  suggested  that 
for  convenience  the  area  of  the  bearing  be  made  to  bear  some  relation 
to  the  size  of  the  beam  used.  Bef erring  to  the  tables  of  the  strength 
of  beams  in  the  Mill  Handbooks,  and  taking  the  maximum  safe  loads 
for  the  shortest  spans  given,  the  end  reactions  are  such  that,  if  the 
area  of  the  template  required  is  equal  to  the  square  of  the  depth  of 
the  beam,  the  pressure  will  not  exceed  250  lb.  per  sq.  in.  (except 
possibly  in  the  heaviest  sections  of  12  and  15-in.  beams,  which  are 
rarely  used).  As  the  beams  are  usually  built  into  a  solid  wall  at 
comparatively  long  intervals  it  would  seem  that  the  pressure  of 
250  lb.  per  sq.  in.  would  be  well  within  the  limit  of  safety. 

A  length  of  bearing  on  the  template  of  two-thirds  of  the  depth  of 
the  beam  would  be  ample. 

Would  it  not  be  well  to  embody  in  the  specification  one  or  more 
clauses  relating  to  furnishing  for  record  the  data  upon  which  calcu- 
lations are  based,  with  such  diagrams  or  sfcress  sheets  as  may  be 
necessary?  It  frequently  happens,  where  alterations  are  made  to 
existing  structures,  that  such  information  is  necessary,  and  is  rarely 
to  be  found. 

GuNVAiiD  Aus,  M.  Am.  Soo.  C.  E.  (by  letter). — This  paper  has  given  Mr.  Aub. 
the  writer  great  pleasure,  as  it  recognizes  many  of  the  objections  to 
the  common  practice  of  designing  in  accordance  with  the  empirical 
rules  laid  down  by  the  different  building  codes. 

The  question  of  materials  to  be  used  and  loads  to  be  supported 
was  discussed  in  the  Brooklyn  Chapter  of  the  American  Institute  of 
Architects  in  February,  1904,  and  a  paper,  presented  by  the  writer 
on  that  occasion,  was  published  in  Engineeinng  Neics  of  April  14th, 
1904.     Examination  of  that  paper  will  show  the  writer's  opinion  on 
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Mr.  AuB.  most  of  the  questions  discassed  by  Mr.  Schneider,  so  that  it  is  nnne- 
cessary  to  discuss  them  in  detail  now  and  give  reasons  for  that 
opinion. 

The  writer  thinks  that  all  engineers  shonld  agree  to  the  general 
propositions  advanced  in  the  paper  above  referred  to,  and  Mr. 
Schneider's  admirable  specification,  namely: 

First, — ^That  floor  beams  should  be  designed  both  for  a  uniform 
load  and  for  a  concentrated  load,  to  prevent  the  use  of  very  light 
beams  of  short  spans. 

Second. — That  floor  girders — that  is  to  say,  floor  members — which 
carry  a  considerable  floor  area  should  be  designed  for  smaller  live 
load  than  that  for  which  the  floor  beams  are  designed,  both  because 
the  entire  area  of  the  floor  carried  by  such  girders  will  never  be  fully 
loaded,  and  also  because  the  loading  on  such  girders  accumulates  so 
slowly  as  to  do  away  entirely  with  the  effect  of  impact  to  which  the 
individual  beams  will  always  be  subject. 

Third. — That  the  columns  in  the  lower  stories  should  be  designed 
for  a  gradually  decreasing  live  load,  as  it  is  not  within  reason  that  all 
the  girders  supported  on  these  columns  will  receive  the  maximum 
loading  at  the  same  time. 

Foitrth. — That  the  foundations  should  be  designed  for  only  a  part 
of  the  live  load  coming  on  the  basement  columns,  as  otherwise  un- 
equal settlements  will  occur. 

Fifth. — That  the  framework  of  a  skeleton  building  shonld  be  so 
designed  that  it  can  resist  wind  pressure. 

Sixth. — That  preferably  no  cast  iron  shall  be  used  in  columns  or 
lintels,  but  that  cast-iron  columns  in  no  case  shall  be  used  in  build- 
ings more  than  four  or  five  stories  in  height,  and,  when  so  used,  that 
the  ratio  between  the  length  and  diameter  of  the  columns  shall  be 
very  much  smaller  and  the  permissible  unit  stress  also  very  much 
smaller  than  is  now  allowed,  for  instance  by  the  New  York  Building 
Code. 

It  is  not  easy  to  state  just  how  big  should  be  the  uniform  load  and 
the  concentrated  load  for  which  the  beams  should  be  designed,  and 
the  writer  thinks  the  opinions  of  many  engineers  of  experience  should 
be  heard  before  establishing  these  loads. 

Would  it  not  be  advisable  for  the  American  Society  of  Civil  En- 
gineers to  appoint  a  Committee  to  examine  this  question  and  make 
a  recommendation,  which  in  all  probability  would  have  great  influ- 
ence when  there  will  again  be  a  chance  to  modify  the  present  Building 
Codes? 

The  writer  is  of  the  opinion  that  the  uniform  loads  specified  in 
Mr.  Schneider's  specification  are  ample,  but  he  believes  that  the  con- 
centrated load  and  the  load  per  linear  foot  are  too  great. 

Safes  weighing  .5  000  lb.  are  used  bo  rarely  in  ordinary  offices  that 


Papers.]     DISCUSSION  ON  STBUOTUBAL  DESIGN  OF  BUILDINGT^.     855 

it  wonld  seem  unreaBonable  to  design  every  part  of  a  buildiDg  strong  Mr.  Aug. 
enough  to  support  such  a  large  concentrated  load,  and  it  is  nn- 
donbtedly  true  that  safes  weighing  2  000  lb.  cannot  be  found  in  1^  of 
the  residences  erected.  Therefore,  it  seems  to  be  unreasonable  to  de- 
sign all  residences  for  this  excessive  loading  at  an  enormously  in- 
creased cost,  the  more  so  as  such  a  provision  will  tend  to  retard  the 
movement  toward  fire-proof  dwelling-houses. 

The  writer  believes  that  the  2  000  lb.  concentration  suggested  by 
him  for  offices  and  the  1  200  lb.  suggested  for  residences  would  be 
ample.  Special  permission  should  be  obtained  from  the  Building 
Department  in  those  few  cases  where  heavier  concentrations  are  to  be 
supported.  • 

It  also  appears  that  Mr.  Schneider's  specification,  if  adopted  by 
the  Building  Department,  would  induce  the  designer,  for  the  sake  of 
economy,  to  use  long  spans,  which,  unless  the  design  was  carried  out 
by  experienced  engineers  (which  is  not  always  done)  would  tend  to 
weaken  the  building  materially.  The  typical  office  building  or  apart- 
ment-house erected  to-day  has  beams  of  from  15  to  16  ft.  span,  spaced 
about  5  ft.  on  centers,  which,  under  the  author's  specification,  would 
call  for  a  uniform  live  load  of  133  lb.  per  sq.  ft. ;  whereas,  if  the  spans 
were  increased  to  30  ft.,  the  live  load  would  only  be  66  lb.  per  sq.  ft. 
Further,  if  girders  of  80  ft.  span,  spaced  15  ft.  on  centers,  supported 
beams  5  ft.  apart,  these  girders  would  only  be  designed  for  half  the 
live  load  for  which  the  beams  are  designed,  which  appears  to  be  too 
great  a  reduction. 

The  writer  has  for  many  years,  as  Chief  Engineer  of  the  Super- 
vising Architect's  office,  in  Washington,  D.  C,  reduced  the  live  load 
on  the  girders  to  two-thirds  of  that  for  which  the  beams  were  de- 
signed, and  this  appears  to  be  as  far  as  one  should  go  in  this  re- 
duction. 

There  is  no  objection  to  any  other  features  of  the  author's  specifica- 
tion, except  that  the  advantage  of  changing  the  specification  for  struct- 
ural steel  from  that  now  commonly  used  is  not  quite  evident;  that  is, 
from  60  000  to  70  000  lb.  ultimate  strength,  to  that  specified  by  the 
author;  that  is,  from  55  000  to  65  000  lb.  Practically  all  the  steel 
which  the  writer  has  had  inspected  for  years  past,  under  the  former 
limits,  has  had  an  ultimate  strength  of  from  60  000  to  65  000  lb.,  so 
that  it  is  not  thought  that  a  different  material  would  be  obtained 
under  the  author's  specification;  and,  even  if  the  material  should  go 
as  high  as  70  000  lb. ,  which  is  very  rarely  the  case,  it  can  be  punched 
and  sheared  readily'  without  affecting  the  strength  of  the  finished 
members. 

J.  K.  Freitao,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  view  of  Mr.  Freitajf. 
the  Hotel  Darlington  disaster  and  similar  loose  methods  of  building 
design  and  construction,  the  author  is  to  be  complimented  on  his 
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Mr.  Freltag.  timely  presentation  of  this  very  important  subject,  and  it  is  to  be 
hoped  that  this  paper  may  serve  the  purpose  of  leading  to  a  general 
revision  of  the  bailding  laws  of  large  cities,  -with  especial  reference 
to  uniformity  and  modern  practice.  The  same  wide  divergency  in 
building  regulations  in  the  more  prominent  American  cities  has  been 
pointed  out  and  discussed  at  some  length  by  the  -writer.* 

As  regards  the  floor  loads  suggested  by  Mr.  Schneider,  the  writer 
heartily  agrees  with  the  proposed  live  load  of  40  lb.  per  sq.  ft.,  for 
ordinary  cases.  The  small  live  loads  which  have  been  found  by  such 
experiments  as  those  conducted  by  Mr.  £.  C.  Shankland  and  by 
Messrs.  Blackall  and  Everett,  ranging  from  12  to  16  or  17  lb.  per  sq. 
ft.,  have  tempted  in  some  cases  the  use  of  unit  loads  as  low  as  20  lb. 
per  sq.  ft.,  but  such  recommendations  should  certainly  be  questioned 
and  even  heartily  condemned  in  conservative  practice.  While  20  lb. 
per  sq.  ft.  may  be  sufficient  for  average  present  loads  in  office  build- 
,  ings,  etc.,  it  is  to  be  remembered  that  the  use  of  an  average  is  always 
dangerous,  while  provision  should  be  made  properly,  but  not  extrav- 
agantly, for  all  possibilities  of  excess,  either  present  or  future.  The 
character  of  a  building's  contents  or  usage  is  subject  to  extreme 
change.  The  entire  building,  or  possibly  only  portions  thereof,  may 
be  devoted  to  very  different  uses  from  those  primarily  assumed,  so 
■that,  in  spite  of  the  provisions  in  building  ordinances  against  radical 
change  in  the  character  or  degree  of  floor  loads,  it  is  often  difficult 
to  balance  present  economy  against  possible  maximum  requirements 
or  future  possibilities.  Here,  as  well  as  in  the  strength  of  materials, 
a  sufficient  factor  of  safety  should  always  be  applied. 

The  author  proposes  to  calculate  all  floor  beams  for  a  concentrated 
load  of  5  0^lO  lb.  at  any  point,  this  being  the  approximate  weight  of 
the  heaviest  portable  safe  which  would  commonly  be  used  in  offices, 
etc.  A  safe  of  this  weight  would  be  approximately  4  ft.  wide  by  3  ft. 
deep.  The  factor  of  safety  assumed  in  the  calculations  of  the  floor 
beams,  as  recommended  in  Mr.  Schneider's  specifications,  would  be 
about  4.  Professor  Rankinef  gives  a  factor  of  sfifety  of  4  which  would 
be  applicable  to  a  reliable  steel-frame  structure,  while  for  masonry  a 
factor  of  safety  of  8  is  recommended  under  live  loads.  Again,  on  page 
361,  the  same  authority  states  as  follows: 

''  The  factor  of  safety  in  structures  of  stone  should  not  be  lees  than 
8,  in  order  to  provide  for  variations  in  the  strength  of  the  mate- 
rial, as  well  as  for  other  contingencies.  In  some  structures  which 
have  stood  it  is  less;  but  there  can  be  no  doubt  but  these  err  on  the 
side  of  boldness." 

All  present  types  of  fire-proof  floor  arches  would  come  under  the 
classification  of  the  poorest  kind  of  masonry,  so  that,  if  the  floor  beams 
were  calculated  for  a  concentrated  load  of  5  000  lb.,  consistency  would 

♦'•Architectural  finglneerinfc/'  edition  of  19«)1. 
t'*  Civil  Engineering/*  page  iSi, 
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require  an  ultimate  arch  capacity  of  40  000  lb.  applied  over  any  bearing  Mr.  Freitag: 
area  of  12  sq.  ft.,  or  3  833  lb.  per  sq.  ft.  Many,  if  not  most,  forms  of 
fire>proof  floor  arches  now  in  general  nse  would  fail  to  develop  this 
strength.  In  the  Denver  tests,  the  best  end-construction  arch  sus- 
tained a  final  load  of  only  15  145  lb.,  or  1  670  lb.  per  sq.  ft.  over  a 
loaded  area  of  9  sq.  ft. ;  while  the  best  side< construction  arch  carried 
only  8  574  lb.,  or  953  lb.  per  sq.  ft.  over  a  loaded  area  of  9  sq.  ft.  These 
were  10  in.  terra-cotta  arches  of  5- ft.  span,  hence  they  were  fair  sam- 
ples of  modem  use.  The  tests  made  by  George  Hill,  M.  Am.  Soc.  G. 
E.,*  on  Melan  and  terra-cotta  arches,  by  means  of  a  self -registering 
hydraulic  machine,  show  only  one  terra-cotta  arch  out  of  eleven  tests 
which  would  fulfil  the  necessary  requirements,  viz.,  a  10-in.  hard  terra- 
cotta end-construction  arch,  which  sustained  a  total  load  of  57  500  lb. 
over  a  loaded  area  of  2U  sq.  ft.  out  of  a  total  arch  area  of  22.6  sq.  ft. 
The  other  ten  arches  ranged  from  10  000  to  16  (001b.,  ultimate  loads. 
All  the  Melan  concrete  arches  showed  an  ultimate  capacity  of  more 
than  the  reg[uired  40  000  lb.  Most,  if  not  all,  of  the  New  York  Build- 
ing Department  tests  would  also  have  failed  to  show  this  ultimate 
capacity,  which  would  be  necessary ,  not  only  under  normal  conditions, 
but  under  fire  and  water  tests  as  well.  Several  of  the  concrete  arched 
forms  now  in  common  use  will  probably  exceed  this  required  strength, 
but  if  the  floor  construction  as  a  whole  were  to  be  proportioned  equiv- 
alent to  the  concentrated  load  assumed  for  the  beams,  this  might  pre-  . 
elude  the  use  of  practically  all  flat  terra-cotta  arches  and  all  slab  con- 
crete construction. 

The  enumeration  of  dead  loads  includes  partitions,  while  Paragraph 
2  of  the  specifications  for  Design  state  that  the  calculations  of  dead 
loads  are  to  be  based  on  the  weights  of  different  materials  given  in 
Table  16.  It  would  seem  as  though  this  table  could  properly  be  ex- 
tended to  give  the  weights  of  terra-cotta  and  mackolite  partition 
material  for  different  thicknesses,  as  well  as  some  general  data  regard- 
ing the  weights  of  terra-cotta  arch  blocks  of  different  materials  and 
for  different  arch  depths.  Partitions  are  often  classed  as  live  loads, 
and  in  previous  Chicago  practice  these  were  often  assumed  to  be  live 
loads  distributed  uniformly  over  the  floor  area  at  25  lb.  per  sq.  ft. 
This  was  on  the  assumption  that  the  position  of  partitions  might  fre- 
quently be  changed  to  suit  the  subdivision  of  office  areas  as  required 
by  tenants.  The  present  New  York  and  Chicago  Building  Laws,  how- 
ever, both  require  partitions  to  be  considered  as  dead  loads. 

As  pointed  out  by  the  author,  the  live  loads  on  warehouse  and  fac- 
tory floors  will  vary  g^reatly,  these  often  being  far  greater  than  might 
be  expected,  and  often  much  less.  Mr.  W.  L.  B.  Jenney,  the  well- 
known  Chicago  architect,  had  occasion  to  estimate  the  loads  in  the 

***  Tests  of  Fire-proof  Flooring  Material,^*  TYansactions,  Am.  Soc.  C.  E.,  Vol.  XXXIV, 
p.  642. 
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Xr.Freitag.  wholesale  warehonse  of  Marshall  Field  &  Co.,  in  Chicago,  and  the  lo^ 
average  of  50  lb.  per  sq.  ft.  was  fonnd  for  the  total  floor  area,  includ- 
ing all  passageways,  in  spite  of  the  very  large  quantities  of  merchan- 
dise usually  stored  there.  The  maximum  load  on  limited  areas  was 
found  to  be  57  lb. 

In  the  proposed  specifications,  cast  iron  is  **  practically  ruled  out  '^ 
as  unreliable  and  unadaptable  material.  This  elimination  of  cast-iron 
members  would  be  warranted  if  all  building  laws  which  now  permit 
its  use  could  be  changed  so  as  either  to  eliminate  cast-iron  columns 
altogether  or  to  require  the  calculations  of  columns  by  reliable  for- 
mulas, in  which  latter  case  there  would  be  found  to  be  slight,  if  any, 
economy  in  using  cast  iron;  but,  as  long  as  present  building  laws  exist, 
allowing  the  use  of  cast-iron  columns,  the  writer  can  see  no  serious 
objection  to  using  them  under  approved  methods  of  calculations,  for 
buildings  of  medium  height  and  considerable  area  where  wind  bracing 
is  not  required  beyond  the  stability  of  enclosing  and  partition  walls. 
There  is  now  under  process  of  construction  a  large  department  store 
in  Boston,  approximately  200  by  250  ft.  in  area,  seven  stories  high,  be- 
sides the  basement  and  sub-basement,  with  masonry  walls  and  cross- 
walls.  In  such  a  case,  the  writer  can  see  no  objection  to  the  use  of 
cast-iron  columns,  if  proportioned  and  designed  properly. 

It  would  also  seem  that  Paragraph  12,  relating  to  wind  pressure, 
should  be  modified  so  as  to  limit  the  necessity  of  caring  for  wind  press- 
ure to  those  structures  which  would  require  metallic  bracing.  Inas- 
much as  the  specifications  refer  to  the  structural  steelwork  of  build- 
ings, it  would  appear  as  though  Paragraph  12  were  intended  to  require 
a  wind  pressure  of  30  lb.  per  sq.  ft.  to  be  calculated  for  all  buildings 
having  either  complete  or  partial  steel  frames.  This  provision  would 
not  be  necessary  for  buildings  provided  with  exterior  walls  of  masonry 
and  with  masonry  partitions  or  cross- walls,  especially  if  the  base  is  a 
large  proportion  of,  or  equal  to,  the  height. 

Paragraph  54,  regarding  column  splices,  might  be  extended  to  re- 
quire the  breaking  joints  of  columns  alternately  at  any  floor  level. 

Paragraph  57  of  Part  2,  regarding  field  painting,  should  be  amended 
to  require  the  field  painting  to  be  of  a  different  color  from  the  shop 
coat. 

The  intimate  relation  which  exists  between  the  steel  frame  of  a 
modem  building  and  the  fire-proof  fioors  and  coverings  makes  it  indis- 
pensable that  the  successful  designer  of  the  steelwork  be  also  thor- 
oughly familiar  with  approved  fire-proofing  methods,  and  successful 
work  along  fire-proof  buildings  would  require,  not  only  such  careful 
specifications  of  the  steel  frame  as  Mr.  Schneider  has  prepared,  but 
also  as  careful  specifications  relating  to  the  fire-proofing.  The  ques- 
tion of  fioor  girders  could  be  taken  as  an  instance.  These  are  often 
designed  without  reference  to  partitions  and  without  reference  to  flush. 
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nnbrokeii  ceilings.  The  experience  gained  through  the  fire  in  the  Mr.  Freitag. 
Home  Buildings  in  Pittsbnrg,  and  elsewhere,  has  shown  that  far 
better  results  as  regards  the  fire-proofing  are  secured  from  flush  ceil- 
ings than  from  paneled  ceilings  where  the  girders  are  allowed  to  pro- 
ject below  the  ceiling  line.  Again,  the  successful  design  of  spandrel 
beams  or  members  can  only  be  accomplished  by  carefully  considering 
the  fire-proofing  possibilities  of  the  spandrel  constiniction.  The  suc- 
cessful designer  of  steel-frame  buildings,  therefore,  should  be  as 
familiar  as  possible  with  the  whole  range  of  fire-proofing,  and  also  as 
familiar  as  possible  with  the  architect's  standpoint  and  the  problems 
which  he  must  face. 

VtBoiL  H.  Hbwes,  M.  Am.  Sog.  C.  £.— The  different  changes  of  Mr.  Hewes. 
loading  which  take  place  after  buildings  have  been  erected,  and  the 
impossibility  of  predicting  what  the  changes  will  be,  having  been 
mentioned,  the  speaker  would  like  to  cite  a  case,  which  came  under 
his  observation  while  making  an  examination,  of  a  building  in  New 
York  City  upon  which  the  Building  Department  had  filed  a  violation. 

The  plan  of  the  building  was  of  fiat-iron  type,  being  wider  at  one 
•end  than  at  the  other,  with  two  sides  converging.  The  walls  on  one  side 
and  on  the  larger  end  were  supported  upon  cast-iron  columns  at  the 
street  or  sidewalk  level;  at  the  smaller  end  the  wall  ran  down  to  the 
foundation.  The  other  side  was  broken  by  re-entrant  walls  to  form 
a  light  shaft.  These  walls  were  also  supported  on  cast-iron  columns, 
while  the  two  sections  of  wall  along  the  lot  line  extended  down  to  the 
foundation. 

All  the  tenants  had  moved  out  of  the  building,  except  those  in  one 
store  at  the  street  level,  and  a  printing  ofSce  on  the  top  fioor.  The 
printing  office  was  being  moved;  everything  had  been  taken  out  except 
a  large  press  which  was  still  in  place.  The  pressman,  having  a  piece 
of  work  which  he  wished  to  turn  out  before  taking  down  the  press, 
started  it  up  at  the  highest  speed.  The  table  carrying  the  forms, 
having  a  reciprocating  motion,  caused  the  building  to  vibrate,  increas- 
ing up  to  a  point  where  it  took  a  gyrating  motion,  then  the  motion  would 
die  out  and  then  start  to  vibrate  again  to  the  point  of  maximum  vibra- 
tion. 

The  speaker  was  two  fioors  below  the  printing  office  when  the 
press  was  started,  and  notified  the  men  of  the  chances  they  were 
taking,  then  he  took  a  vacation  till  the  press  was  stopped.  It  is 
probable  that  if  the  lower  fioors  had  been  loaded,  the  vibrations  would 
not  have  been  as  severe. 

This  tends  to  show  how  necessary  it  is  that  the  frame  of  a  building 
should  be  a  structure  in  itself  without  depending  upon  the  partitions 
And  walls  for  stiffness  as  Mr.  Schneider  has  stated. 
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A  RATIONAL  FORM  OF  STIFFENED  SUSPENSION 

BRIDGE. 

Discussion.* 


Bt  Theodore  Coopeb,  M.  Am.  Sog.  C.   E. 


Mr.  Cooper.  Theodobb  Coopeb,  M.  Am.  Soo.  C.  E.  (by  letter).— The  writer,  in 
his  report  to  the  Quebec  Bridge  Company,  on  June  23d,  1899,  stated 
as  follows,  in  reference  to  the  plan  described  in  Mr.  Lindenthal*s 
paper: 

**  The  lines  of  the  structure  are  very  pleasing,  giving  a  combined 
effect  of  grace  and  strength.  The  catenary  curves  of  the  cables  are  not 
crossed  or  broken  by  the  stiffening  trusses. 

<*  The  design  appears,  from  an  ordinary  examination ,  to  be  in 
accordance  with  the  requirements  of  the  specifications.  A  stiffening 
truss  of  this  kind  could  not  be  used  successfully  for  bridges  formed 
with  continuous  wire  cables,  as  the  connections  of  the  various  mem- 
bers of  the  truss  would  have  to  be  made  through  the  frictional  grip  of 
cable  bands,  which  would  not  be  trustworthy.  The  success  of  such  a 
truss  depends  therefore  upon  the  use  of  wire  links  for  the  cables  and 
a  positive  connection  of  all  the  members  by  means  of  pins.  That 
such  links  can  be  made  is  undoubted,  but  their  successful  and  eco- 
nomic manufacture  has  yet  to  be  developed." 

At  that  time  th6  suggestion  was  made  that  there  might  be  future 
cases  where  eye-bars  could  be  used  for  this  form  of  bridge. 

Engineers,  through  the  daily  and  technical  press,  have  conveyed 
the  idea  that  **  eye-bar  cables  '*  are  new  and  untried  forms. 

Without  detailing  the  earlier  suspension  bridges,  which  were  all 

^Continued  from  October,  1904,  Proceedings.  See  August,  1904,  Proceedings  for 
paper  on  tliis  subject  by  Uustav  Lhidenthal,  M.  Am.  Soc.  C.  £. 
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link-cable  bridges,  the  fact  that  the  great  majority  of  bridges  in  North  Mr.  Ck>oper. 
America,  over  100-ft.  spans,  both  railroad  and  highway,  are  dependent 
upon  *<  eye-bar  cables"  for  their  |lower  chords,  seems  to  have  been 
overlooked  even  by  some  eminent  engineers. 

The  writer  would  consider  it  a  low  estimate  to  state  that  there  are 
more  than  200  miles  of  "eye-bar  cables  "  in  successful  use  in  the 
United  States,  many  of  which  have  done  excellent  duty  for  a  full 
generation. 

The  first  important  structure  with  which  the  writer  was  identified, 
the  St.  Louis  Arch  Bridge,  was  erected  by  means  of  eye-bar  cables 
more  than  500  ft.  in  length,  and  these  same  cables,  more  than  2  600 
ft.  in  total  length,  are  now  in  use  in  the  Fairmount  Bridge,  Philadel* 
phia,  and  in  bridges  elsewhere. 

The  **  eye-bar  cable,"  forming  the  top  chord  of  the  Quebec  Bridge, 
is  now  under  construction  and  is  formed  of  eye- bars  15  in.  deep. 

The  eye-bar  and  the  eye-bar  cable  are  the  peculiar  and  especial 
characteristic  of  American  bridges,  and  it  is  rather  late  in  the  day  for 
any  engineer  to  discover  that  they  are  new  and  untried  forms. 

All  the  large  suspension  bridges  built  by  the  Messrs.  Boebling  at 
Niagara,  Cincinnati  and  Brooklyn  have  eye-bar  cables  in  their  an- 
chorages. 

In  the  eye-bar  cable  engineers  know  by  actual  test  the  strength  of 
the  component  parts  in  large  units,  they  know  and  can  aUow  for  the 
inclinations  of  the  several  members  forming  the  cable,  and,  when 
erected  and  under  work,  they  can  inspect  and  see  whether  or  not  it  is 
working  according  to  the  assumptions. 

In  the  wire  cable  engineers  are  asked  to  have  '*  faith  in  things 
unseen  "  and  un proven.  They  must  presume  that  the  several  thousand 
wires  forming  a  large  cable  are  all  absolutely  parallel  after  they  have 
been  banded  together  and  wrapped,  and  that  every  wire  is  doing  equal 
duty,  except  within  a  few  inches  of  the  splices. 

Engineers  must  accept  the  strength  of  a  single  wire  multiplied  by 
the  total  number  of  wires  as  the  strength  of  the  full  cable.  They 
must  believe  that,  although  all  past  methods  of  preserving  the  in- 
closed wires  have  failed  to  stand  the  test  of  time,  the  modem  methods 
can  be  relied  upon  without  waiting  for  a  long  experience. 

For  spans  up  to  2  000  ft.  at  least,  engineers  must  allow  the  wire 
cable  a  largo  degree  of  flexibility,  in  order  that  it  may  enter  into  com- 
petition with  the  rigid  truss  under  similar  conditions  of  loading,  even 
after  accepting  the  above  presumptions. 

Until  the  limit  of  2  000  ft.  is  passed,  or  the  point  where  the  wire- 
cable  bridge  may  enter  into  fair  competition  with  the  rigid  truss,  it 
would  seem  unnecessary,  if  not  undesirable,  to  accept  a  form  of  bridge 
with  these  questionable  features,  when  the  same  graceful  forms  can  be 
obtained  in  a  rig^d  structure  formed  of  large  units  the  strength  of 
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Mr.  Cooper,  which  iB  known  or  can  be  known  bj  actual  tests,  and  which  has  all  its 
parts  open  for  inspection  and  preservation. 

In  the  form  of  stiffened  suspension  bridge  under  discussion  the 
strains  on  each  and  every  member  can  be  determined  readily  and 
positively. 

The  writer  does  not  think  the  same  can  be  said  of  the  flexible  suspen- 
sion bridge,  as  heretofore  treated.  To  consider  a  bridge,  where  sev- 
eral thousand  tons  of  material  are  assumed  as  rising  and  falling 
several  feet  in  a  few  seconds  as  a  structure  acted  on  by  statical  forces 
only,  appears  to  the  writer  to  be  fallacious. 

As  to  the  competitive  plans  for  the  Quebec  Bridge,  the  several 
plans  were  submitted  to  the  writer  for  examination,  and  on  his  report 
the  contract  was  let.  There  were  submitted  three  plans  for  wire 
bridges.  Two  of  these  plans  were  by  companies  also  presenting 
cantilever  structures,  and  they  stated  that  they  could  get  no  prices 
for  the  wirework  which  would  justify  tenders.  The  third  plan,  though 
accompanied  by  a  tender,  gave  no  strain  sheets,  sizes  of  parts,  or  plans 
of  foundations.  The  schedule  of  material  accompanying  the  tender 
gave  but  little  more  than  half  the  wire  and  half  the  masonry  contained 
in  the  other  plans. 
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Hunt,  John  D.  Isaacs,  Richard  Montfort,  H.  G.  Prout,  Joseph  T.  Richards,  Percival 
Roberts,  Jr.,  Geonce  E.  Thackray.  Edmund  K.  Turner,  William  R.  Webster. 

On  Concrete  and  Steel-Concrete  :— C.  C.  Schneider,  J.  E.  Greiner,  W.  K.  Hatt, 
Olaf  Hoff,  Robert  W.  Lesley,  J.  W.  Schaub,  Emil  Swensson,  A.  N.  Talbot,  J.  R.  Worcester. 
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MINUTES  OF  MEETINQS. 


OF  THE  SOCIETY. 


December  7th »  1904. — The  meeting  was  called  to  order  at  8.40 
p.  M.,  Bndolph  Bering,  M.  Am.  Soc.  C.  E.,  in  the  ohair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  107  members  and  24  guests. 

The  minutes  of  the  meetings  of  November  2d  and  16th,  1904,  were 
approved  as  printed  in  the  Proceedings  tor  November,  1904. 

A  paper  entitled  "Probable  Wind  Pressure  Involved  in  the  Wreck 
of  the  High  Bridge  over  the  Mississippi  River,  on  Smith  Avenue,  St. 
Paul,  Minn.,  August  20th,  1904,"  by  C.  A.  P.  Turner,  M.  Am.  Soc. 
G.  E. ,  was  presented  by  the  Secretary,  who  also  read  a  communication 
on  the  subject  by  Theodore  Cooper,  M.  Am.  Soc.  C.  E.  The  paper 
was  then  discussed  orally  by  Messrs.  G.  E.  Gifford,  H.  W.  Brincker- 
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hoflf,  N.  A.  Meliok,  S.  Bent  Bnssell,  H.  F.  Dunham,  R.  A.  MacGregor, 
H.  C.  Keith,  S.  T.  Wagner  and  H.  P.  Macdonald. 

The  Secretary  presented  a  letter  from  the  American  Association  for 
the  Advancement  of  Science,  inviting  members  of  the  Society  to  at- 
tend the  meetings  of  the  Association  to  be  held  in  Philadelphia  at  the 
University  of  Pennsylvania,  December  27th  to  30th,  1904. 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  Members. 

WniLiAM  EuoENE  AuBTiN,  Ncw  York  City. 
Job  BocKFiEiiB  Fubman,  New  York  City. 
WrLMAM  Montgomery  Gabdneb,  Memphis,  Tenn. 
James  Noble  Hatoh,  Chicago,  HI. 
Emuj  Louis  Nuebung,  Beading,  Pa. 
BiGHABD  Habvby  PhtTjLTPS,  St.  Lonis,  Mo. 
John  Hobton  Pope,  New  York  City. 

HaBOLD  UliMEB  WALIiAGE,  ChlcagO,  HI. 

Edgab  Tbtjb  Wheeleb,  Los  Angeles,  Cal. 


As  Associate  Membebs. 

Fbbd  Asa  Babneb,  Ithaca,  N.  Y. 

WiiiMAM  Hunt  Bownb,  Glen  Cove,  N.  Y. 

Yabnum  Piebce  Cubtis,  Worcester,  Mass. 

John  Jebome  Dalton,  Asheville,  N.  C. 

Samuel  Edwabds  Faibohtld,  Jr.,  Philadelphia,  Pa. 

Abthub  James  Gbiffin,  Brooklyn,  N.  Y. 

Henby  Atkinson  Holdbege;  Omaha,  Nebr. 

Joseph  Pbosfeb  Hobstman,  Parkersbnrg,  W.  Va. 

BoBEBT  Elmeb  Hobton,  Utica,  N.  Y. 

Geobge  Danpobth  Huntington,  Water  town,  N.  Y. 

IvAB  Kbeugeb,  Johnnesburg,  South  Africa. 

Geobge  Latimobe  Luoas,  Trenton,  N.  J. 

Iba  Welch  MgConnell,  Montrose,  Colo. 

Geobge  Alexandeb  Hutghings  Mould,  Johannesburg,  South  Africa. 

Hebbebt  Damon  Newell,  Ontario,  Ore. 

Geobge  Fbedbbigk  Folgeb  Osbobne,  Bombay,  India. 

Geobge  Bigelow  Pillsbubt,  Washington,  D.  C. 

Mabshall  Bogebs  Pugh,  Philadelphia,  Pa. 

Hugo  Julius  Sgheuebmann,  Albany,  N.  Y. 

Habby  Linden  Shaneb,  Lynchburg,  Va. 

Hebman  Fbanklin  Tuokeb,  Kendal  Green,  Mass. 

Willis  Tubbs  Tubneb,  Salt  Lake  City,  Utah. 
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Fraitk  George  Whttb,  Salt  Lake  City,  Utah. 

Joseph  WmoHT,  Sheffield,  111. 

Geobge  Washinoton  Zobn,  Cheyenne,  Wyo. 


As  Associates. 

Theodore  Martin  Mat,  New  York  City. 

Vincent  Ignatius  Stephen,  Mony  wa.  Upper  Burma,  India. 

The  Secretary  announced : 

The  transfer  of  the  following  candidates,  by  the  Board  of  Direction, 
on  December  6th,  1904:  , 

From  Associate  Member  to  Member. 

Edwin  Stanton  Fickes,  Pittsburg,  Pa. 
SiFROT  Joseph  Fortin,  City  of  Mexico,  Mexico. 
Arthur  WiliiArd  French,  Worcester,  Mass. 
John  Clark  Spencer,  Pittsburg,  Pa. 
Eyerett  Broomall  Wilson,  Evanston,  111. 

The  election  of  the  following  candidates,  by  the  Board  of  Direction, 
on  December  6th,  1904: 

As  Juniors. 

Edward  Cartwright  Constance,  St.  Louis,  Mo. 
Harrt  Johnson  Deutschbein,  Albany,  N.  Y. 
Wilbur  Howard  Fisher,  Hannibal,  Mo. 
Charles  Oilman,  New  York  City. 
William  Lawrence  Hanatan,  New  York  City. 
John  Philip  Hogan,  New  York  City. 
Habrt  Northrop  Howe,  Greenyille,  Miss. 
Samuel  James  Lewis,  Montrose,  Colo. 
Clarence  Adkins  Neal,  Kansas  City,  Mo. 
John  Castlebeagh  Parker,  Niagara  Falls,  N.  Y. 
George  Johnson  Walker,  Self,  Ark. 
Lee  Field  Whitbeck,  Durango,  Dgo.,  Mexico. 

The  Secretary  announced  the  following  deaths: 
Frederick  Reginald  French;  elected  Member  September  7th, 
1904;  died  November  20th,  1904. 

Lorenzo  Medici  Johnson;  elected  Junior  March  3d,  1876;  Member 
April  7th,  1880;  died  November  28th,  1904. 

Adjourned. 


490  MIKUTBS  OF  MBBTINOS.  [Society 

December  aist,  I9l>4.r— The  meeting  was  called  to  order  at  8.45 
p.  M.,  Vice-President  S.  L.  F.  Deyo  in  the  chair;  Chas.  Warren 
Hnnt,  Secretary;  and  present,  also,  97  members  and  18  guests.   - 

A  paper,  entitled  *<The  Reclamation  of  River  Deltas  and  Salt 
Marshes,*'  by  J.  Francis  Le  Baron,  M.  Am.  Soc.  C.  E.,  was  presented 
by  the  Secretary,  who  also  read  a  communication  on  the  subject  from 
E.  L.  Oorthell,  M.  Am.  Soc.  C.  R 

The  paper  was  discussed  by  Richard  Lamb,  M.  Am.  Soc.  C.  £. 

The  Secretary  announced  the  following  deaths: 
Jacob  Albbbt  Latcha,  elected  Member  May  7th,  1873;  died  Novem- 
ber 80th,  1904. 

Wilson  Obosbt,  elected  Member  September  15th,  1869;  died  Decem-  ! 

ber  18th,  1904. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

December  6tli,  1904.— 8.85  p.  m.— Vice-President  Curtis  in  the 
Ohair;  Ohas.  Warren  Hunt,  Secretary; and  present,  also,  Messrs.  Buck, 
Croes,  Deyo,  Ellis,  Gowen,  Knap,  N.  P.  Lewis,  Noble,  Osgood,  Po- 
gram,  Webster  and  Wilgus.  | 

A  report,  from  the  Committee  on  Entertainment  of  the  party  of 
members  of  the  British  Institution  of  Civil  Engineers,  was  received, 
which  showed  that  the  funds  of  the  Society  had  not  been  drawn  upon 
for  this  purpose,  and  that  55^  of  the  amount  subscribed  had  been  re- 
turned pro  rata  to  the  subscribers. 

The  following  resolution  was  adopted: 

''Resolved,  That  the  thanks  of  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers  are  hereby  tendered  to  Paul  A. 
Seurot,  M.  Am.  Soc.  C.  E.,  for  his  aid  in  the  translation  of  a  number 
of  French  papers  for  the  International  Engioeering  Congress.'* 

A  Committee  was  appointed  to  confer  with  the  Architect  and  to 
report  plans  for  the  enlargement  of  the  Society  House. 

A  Committee  of  Arrangements  for  the  Annual  Meeting  was  ap- 
pointed: 

The  following  resigpiations  were  accepted,  to  take  effect  December 
81st,  1904: 

Max  Boehmer,  M.  Am.  Soc.  C.  E. ;  Duncan  Lee  Despard,  Assoc.  M. 
Am.  Soc.  C.  K ;  Edward  Betts  Brisley,  Jun.  Am.  Soc.  C.  E. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Five  Associate  Members  were  transferred  to  the  grade  of  Member,, 
and  twelve  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  off  July,  Thanicssivlns:  Day  and 
Christmas  Day. 

MEBTINaS. 

Wednesday,  January  4th,  ipo^.—S.SO  p.  m.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper,  entitled  <*  Methods  of  Location  on  the  Choctaw,  Oklahoma 
and  Gnlf  Railroad, "by  F.  Lavis,  Assoc.  M.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  February  ist,  1905.— 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  entitled  "  Maximum  Bates  of  Bainfall  at  Boston,"  by  Charles 
W.  Sherman,  M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings, 


ANNUAL  MEETINQ. 

The  Fifty-second  Annual  Meeting  will  be  held  at  the  Society  House, 
January  18th  and  19th,  1905.  The  Business  Meeting  will  be  called  to 
order  at  10  o'clock  on  Wednesday  morning.  The  Annual  Reports  will 
be  read,  officers  for  the  ensuing  year  elected,  and  members  of  the 
Nominating  Committee  appointed. 

Arrangements  for  the  excursions  and  entertainments  have  been 
placed  in  the  hands  of  the  following  committee: 

John  W.  EiiUS,   Chairman; 
Gborgb  S.  Webstsb,  Chaklbs  L.  Habbison, 

J.  Wau>o  Smith,  Chas.  Wabben  Hunt. 


NOMINATINQ  COMMITTEE. 

The  Constitution  provides  that  at  the  Annual  Meeting  of  each 
year,  seven  Corporate  Members,  not  officers  of  the  Society,  one  from 
each  of  the  seven  geographical  districts,  into  which  the  territory  occu- 
pied by  the  Membership  is  divided  for  this  purpose,  shall  be  appointed 
by  the  meeting  to  serve  for  two  years. 

The  usual  blank  request  for  suggestions  as  to  representatives  of 
each  district,  for  presentation  to  the  meeting,  has  been  mailed  to 
Corporate  members. 
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PRIVILEGES  OF  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Ens^ineers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  517  Tremont  Temple,  Boston,  which  is  open  on  week  days  from 
9  A.  H.  to  5  p.  M.  Members  will  also  be  welcome  at  the  meetings, 
which  are  held  in  the  same  building,  on  the  evenings  of  the  f onrth 
Wednesday  in  January,  and  the  third  Wednesdays  of  other  months, 
except  July  and  August. 

The  rooms  of  The  St.  LouLs  Engineers'  Club,  are  in  the  business 
center  of  St.  Louis,  and  visiting  engineers  are  cordially  invited  to  use 
them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  The  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Oivil  En- 
gineers. The  rooms  of  the  Society,  410  Penn  Ave.,  Pittsburg,  Pa., 
are  open  at^all  times,  and  meetings  are  held  as  follows,  except  during 
July  and  August.  BEOuiiAB  Sbction,  Third  Tuesdays;  Chemxcaij 
Sbotion,  Thursdays  following  third  Tuesdays;  Mechanicaij  Section, 
First  Tuesdays;  Stbuotdbal  Section,  Fourth  Tuesdays. 

The  Western  Society  of  Engineers,  Monadnock  Block,  Chicago, 
111.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and  facil- 
ities, together  with  the  good  offices  of  its  Secretary  and  of  a  special 
committee  appointed  for  that  purpose. 

The  Civil  Engineers'  Club  of  Cleveland,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 

The  Engineers'  Club  of  Central  Pennsylvania  has  established  new 
quarters  at  the  comer  of  Second  and  Walnut  Streets,  Harrisburg,  Pa., 
and  desires  to  extend  the  courtesies  of  the  Club  to  visiting  members 
of  the  American  Society  of  Civil  Engineers. 


SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 
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The  cost  is  trifling,  compared  ydih  the  valne  of  the  time  of  an  engi- 
neer who  looks  np  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quioklj,  by  persons  familiar  with 
the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases  It  is 
only  necessary  to  make  a  typewritten  copy,  which  reduces  the  cost  of 
searches  to^a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 


494  ACCESSIONS  TO  THE  LIBRARY.  [Socieiy 

ACCESSIONS  TO  THE  LIBRARY. 

November  8th  to  December  13th,  1904. 
DONATIONS.* 

FOWLER'S  ELECTRICAL  YEAR  BOOK; 

And  Directory  of  Light,  Power  and  Traction  Stations,  1905. 
Boards,  6 x4in.,  588  pp.,  illus.  Manchester,  Scientific  Publishing 
Company.    1  shilling  6  pence,  net. 

In  this  edition  of  the  Year  Book  substantial  additions  have  been  made  to  the  several 
sections  dealing  with  the  types  and  use  of  electrical  measuring  instruments.  The  sec- 
tion on  the  running  of  dynamos  In  parallel,  as  weU  as  some  notes  on  the  management  of 
dynamoe.  the  preface  states,  will.  It  Is  hoped,  prove  useful.  The  recommendations  of 
the  British  Standards  Conmilttee  for  generators  and  motors  have  been  embodied  In  the 
present  edition,  v^hile  additions  have  been  made  to  the  sections  dealing  with  electrical 
distribution,  secondary  batteries,  and  lighting.  The  extension  of  the  application  of 
alternating  current  has  demanded  more  extensive  treatment,  and  some  additions  have 
been  made  to  the  subject  of  electric  traction. 

AMERICAN  RAILWAY  SHOP  SYSTEMS. 

By  Walter  G.  Berg.  M.  Am.  Soc.  0.  E.  Cloth,  9  x  6  in.,  198  pp., 
illus.     New  York,  The  Railroad  Gazette,  1904. 

The  aim  of  the  author  in  pre8entlng.thls  treatise  has  been  to  collect,  in  convenient 
form  for  reference,  general  information  as  to  the  layout  and  leading  characteristics  of 
railway  repair  shops,  particulnr  attention  beine  paid  to  establishing  a  special  grouping 
and  classincatlon  of  shops  as  an  aid  to  an  Intelligent  analysis  and  understanding  of  the 
subject.  The  Contents  are:  Classification  and  General  Layout:  General  Repair  Shops; 
Locomotive  Repair  Shops;  Passenger  Car  Repair  Shops:  Freight  Car  Repair  Shops; 
r^ ,  .,^ -.         ^-lant  and  Machinery;  Structural  Work  (tf  Buildings 


General  Shop  Store  Houses:  Power  jtwuv  auu  joavuiuci  ^ ,  ovt  ux^vui  •.  t,  ^,t  .^  v.  »»....^e» 
and  Auxiliary  Features.  The  book  contains  a  bibliography  of  eight  pages,  and  a  hu^e 
number  of  illustrations. 

EXPERIMENTS  WITH  ALTERNATE  CURRENTS  OP  HIQH  POTENTIAL  AND 
HlOH  FREQUENCY. 

A  Lecture  Delivered  Before  the  Institution  of  Electrical  Ennneers, 
London;  With  an  Appendix  on  the  Transmission  of  Electric  Energy 
without  Wires,  Beviewing  his  Recent  Work,  and  Presenting  Illustra- 
tions from  Photographs  never  before  Published;  With  a  New  Portrait 
and  a  Biographical  Sketch  of  the  Author.  By  Nicola  Tesla.  New 
Edition,  cloth,  7x5  in.,  9  +  162  pp.,  illus.  New  York,  McGraw  Pub- 
lishing Company,  1904.     $1.00. 

Since  the  year  1890  Mr.  Tesla  has  devoted  himself  entirely  to  the  study  of  alterna- 
ting currents  of  high  frequencies  and  very  high  potentials,  with  which  he  Is  at  present 
engaged.  The  biographical  Introduction  states  that  no  conunent  is  necessary  on  his 
interesting  achievemenU  in  this  field.  His  first  lecture  on  his  researches  in  this  new 
branch  of  electricity,  was  delivered  before  the  American  Institute  of  Electrical  Enflrl- 
neers  on  May  90, 1801.  The  present  lecture  forms  in  a  measure  a  continuation  of  the 
latter,  and  includes  chiefly  the  results  of  his  researches  since  that  time. 

THE  ASSUAN  RESERVOIR  AND  LAKE  MOERIS. 

A  Lecture  Delivered  at  a  Meeting  of  the  Khedivial  Geographical 
Society,  Cairo,  16th  January,  1904;  with  Translations  in  French  and 
Arabic.  By  Sir  William  Willcocks.  Cloth,  10  x  7  in.,  36  -|-  40  -|-  40 
pp.,  illus.    New  York,  Spon  and  Chamberlain,  1904.     $2.00. 

In  this  lecture  the  author  outlines  what  is  In  his  opinion  the  best  method  to  secure 
additional  water  for  irrigation  in  Egypt  and  at  the  same  time  obtain  protection  from 
floods.  He  describes  the  Assu&n  Dam  and  the  design  for  raising  It  and  the  project  for 
the  Wady  Rayan  Reservoir,  or  the  modem  Lake  Moeris,  and  also  describes  the  proposed 
rectiflcatlon  of  the  Nile  by  a  system  of  Jetties  at  the  Rosetta  mouth  of  the  river. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publisher. 
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LBS  RICHBSSB  MINBRALES  DB  LA  NOUVBLLB-CALBDONIE. 

Bapport  a  M.  le  Ministre  des  Colonies.  Par  E.  Glasser.  Paper, 
9  X  5  in.,  660  pp.,  illus.     Paris,  Vve.  Ch.  Dnnod,  1904.     10  francs. 

The  Minister  of  the  Colonies,  for  France,  cbarged  the  author  with  a  mission  to  New 
Caledonia,  for  the  purpose  of  studylnir  Its  mineral  wealth;  the  results  are  contained  in 
this  book.  After  giviuff  general  information  on  the  Kcological  formation  of  the  differ- 
ent deposits  of  New  Caledonia,  the  author  writes  of  each  mineral  io  turn,  giving  its 
known  beds,  the  manner  of  working  them,  the  industrial  conditions,  and  of  what  devel- 
opment they  appear  8uscei»tlble.  Nickel,  cobalt,  chrome,  iron,  copper,  gold,  coal,  etc., 
are  thus  reviewed.  The  work  ends  with  considerations  on  the  future  of  the  mines  of 
the  colony  and  the  measures  to  be  taken  to  assure  their  success.  The  book  contains  six 
maps  and  plates. 

Gifts  have  also  been  received  from  the  following: 


Albany  State  Engr.  and  Surv.    8  pam. 

Allentown— Water  Dept.    1  pam. 

Alvord,  J.  W.    1  pam. 

Am.  Inst,  of  Elec.  Bngrs.    1  bd.  vol. 

Am.  Inst,  of  Min.  Engrs.    S  pam. 

Am.  Iron  and  Steel  Assoc.    1  pam. 

Am.  By.  Assoc.    1  vol. 

Am.  Roc.  of  Mech.  Engrs.    1  pam. 

Am.  Water  Works  Assoc.    1vol. 

Boston— Transit  Comm.    1  bd.  vol. 

Brit.  Fire  Prevention  Committee.    1  vol.,  1 

pam. 
Brooks,  Fred.    1 ,_ 
Burr,  W.  H.    1  pam. 
Cai.— Dept.  of  Highways.    8  pam. 
Canada— Oeol.  Surv.    1  bd.  vol.,  1  vol. 
Cincinnati— Engr.  Dept.    1  pam. 
Cincinnati,  New  Orleans  &  Texas  Padflc 

Ry.  Co.    1  pam. 
Colo.  Agri.  Coll.    Spam. 
Detroit— Board  of  Water  CoDunrs.    Ipam. 
District  of  Columbia— Engr.  ComuL  1  pam. 
Fisk,  W.  L.    1  pam.,  2  maps. 
Fi8k  &  Robinson.    1  pam. 
Francois.  Felix.    1  pam. 
Great  Brit —Patent  OlBce .    4  vol.,  14  pam . 
Houston,  J.  J.  L.    1  bd.  vol. 
Huergo,  L.  A.    26  pam.    18  vol. 
Indian  Midland  Ry.  Co.    1  pam. 
HI.— Bureau  of  Labor  Statistics.  1  bd.  vol. 
Inst,  of  Civ.  Encrs.    1  bd.  vol. 
Inst,  of  Engrs.  &  Shipbuilders  in  Scotland. 

1  bd.  vol. 
Inst  of  Mech.  Engrs.    1  vol. 
Kansas  City  Southern  Ry.  Co.    1  pam. 
Klrchbach,  BYank.    1  pam. 
Long  IfOand  R.  R.  Co.    1  pam. 
La.  &  Arkansas  Ry.  Co.    1  pam. 
Mich.— State  Board  of  Health.    1  pam. 
Municipal  Art  Soc.  of  N.  T.    1  pam. 


National  Electric  Light  Assoc.    1  bd.  vol. 
National  Mosquito  Extermination  Society 

1  pam. 
N.  T.— Rapid  Transit  R.  R.  Comm.  1  bd.  vol. 
North  of  England  Inst,  of  Mln.  &  Mech. 

Engrs.    2  pam. 
Permanent  Inst.   Assoc,    of    Navigation 

Cong.    1  vol. 
Poor's  R.  R.  Manual  Co.    1  bd.  vol. 
Queensland— Harbours  &  Rivers  Dept.  1 

pam. 
R.  bouolad'Applicazionepergringegneri. 

1  pam, 
Rexnard,  O.  H.    1  pam. 
Robertson,  L.  8. 1  bd.  vol.,  7  pam. 
Rochester— Pub.  Works  Dept.    1  vol. 
St.  John— Water  and  Sewerage  Dept.    1 

pam. 
Schmidt,  Max  E.    1  pam. 
Smithsonian  Inst.    1  Dd.  vol. 
Soc.  Anonyme  Beige  de  Constructions  In- 

combustibles.    8  pam. 
Southern  Pacific  Co.    1  pam. 
(Den)  Tekniske  og  Hygiekniske  Kongres. 

1  vol. 
U.  S.  Bureau  of  Forestry.    1  pam. 
U.  S.  Bureau  of  Labor.    8  vol. 
U.  S.  Bureau  of  Steam  Eng.    1  pam. 
U.  S.  Chief  of  Bureau  of  Yards  and  Docks. 

1  pam. 
.  S.  Ueol.  Surv.    SOpam.,  108 maps. 

S.   Interstate    Oonunerce  Comm.     2 

pam. 
.  8.  Naval  Observatory.    1  pam. 

S.  Office  of  Public  Road  Inquiries.    1 

U.  J^b.  of  Cong.    lbd.vol.. 
Univ.  of  Maine.    1  vol. 
Vulcanite  Portland  Cement  Co.    8  pam. 
Wellisch.    1  pam. 


U. 
U. 


u. 
u. 


BY  PURCHASE. 

The  National  Cyclopedia  of  American  Blograpliy :  bein^  the  His- 
tory of  the  United  States  as  lUnstrated  in  the  Lives  of  the  Founders, 
Bnilders  and  Defenders  of  the  Bepnblic,  and  of  the  Men  and  Women 
Who  are  Doing  the  Work  and  Moulding  the  Thoughts  of  the  Present 
Time.  Edited  by  distinguished  biographers  selected  from  each  State. 
Bevised  and  approved  bv  the  most  eminent  historians,  scholars  and 
statesmen  of  the  day.  Vol.  12.  New  York,  James  T.  White  &  Co., 
1904. 

Reinforced  Concrete*  By  Charles  F.  Marsh.  New  York,  D.  Van 
Nostrand  Company,  1904. 
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SUMMARY  OF  ACCESSIONS. 

November  8th  to  December  13th,  1904. 

Donations  (including  41  duplicates  and  4  numbers  of 

periodicals  to  complete  volumes) 289 

Byjpurchase. 2 

Total 291 
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ADDITIONS. 

MSMBKBS.  „  !>»*«  Ot 

Membership. 
AuBTiK,  William  Euoknx.    7  Wall  St.,  New  York  City  (Res., 

169  Greenwood  Ave.,  East  Orange,  N.  J.) Bee  7, 1904 

FiGXXB,  Edwin  Stantok.   Cbf.  Engr  and  Parchas- .  (  Jon.  Jan.  4,  1899 

ing  Agt.  for  The  Pittsbnrg  Bedaotion  Co.,  -j  Assoc.  M.  Feb.  6, 1901 

Pittsbnrg,  Pa (  M.  Dec.  6,  1904 

Fbbnch.  Aethub  WnxAKD.    Prof,  of  Civ.   Eng.,  ( Assoc.  M.  April  4,  190O 

Worcester  Polytechnic    Inst. ,    Worcester,  <  ^  jy  «  jqq. 

Mass (     *  *  ' 

Phillips,  BicHABD  Habtxt.    503 Security  Bldg.,  St.  Lonis, Mo.  Dec.  7,1904 

Smith,  Stbwabt  Kkdzib.    Billings,  Mont April  6,1904 

Spsngbb,  John  Clabx.    Care,  Am.  Bridge  Co.,  802  |  Assoc.  M.  May  6,  1896 

FrickBldg.,  Pittsburg,  Pa 1  M.  Dec.  6, 1904 

Williams,  Chableb  Page.    Engr.,  U.  S.  Beclama-  (  Assoc.  M.  Oct.  2,  1901 

tionService,  Cody,  Wyo (  M.  Nov.  1,  1904 

A880CIATX  MBMBEBS. 

BowNX,  William  Hunt.    Glen  Cove,  N.Y Dec.  7,1904 

BuoBSS,  Newton  Albbbt  Kendall.    207  Academy  St.,  Tren- 
ton, N.  J Oct.  6,  1904 

CoBBiOAN,  Geobob  Washinoton.    Asst  Engr.,  Mo.  (  Jan.  Feb.  6,  1901 

Pac.  By.,  3756  Cook  Ave.,  St.  Lonis,  Mo ...  1  Assoc  M.  Oct.  5,  1904 

OuLOiN,  Guy  Whttmobb.    Engr.  and  Gen.  Contr.  (  j  j*^  g  jg^ 

(Cnlgin  &  Pace),  133  West  129th  St.,  New  ]  ^ssoc.  M.  Sept  7,'  1904 

York  City { 

Cubtib,  Yabnum Pibbgb.    96  Stafford  St.,  Worcester,  Mass...  Dea  7,  1904 

Faibchild,  Samuel  Edwabds,  Jr.    Franklin  Bldg.,  Philadel- 
phia, Pa Dec.  7, 1904 

HoLDBXQE,  Henbt  Atkinson.    Gcd.  Mgr.,  Omaha  Elec.  Light 

APower  Co.,  Omaha,  Nebr Dec.  7,1904 

HoBSTMAN,  Joseph  Pbobpeb.    P.  O.  Box  481,  Parkersbnrg,  W. 

Va Dec  7,1904 

HoBTON,  Egbert  Elmxb.    75  Arcade,  Utica,  N.  Y Dec.  7,  1904 

HuNTiNaroN,  Geobqe  Danfobth.    25  Washington  St.,  Water- 
town,  N.  Y Dec.  7,  1904 

McCulloch,  Bobbbt  Austen.    Arcbt.,  51  Cham-  i  j  g  „  iqaq 

b^m  St.  New  York  City  (Ee...  80  Hillside     ^^    ^  ^^  ^  ^^ 

Ave.,  Orange,  N.  J.) (  " 

Pfexfteb,    Gboboe    Whitfebld.     Sapt.,    Spanish- American 

Iron  Co.,  Daiqniri,  Cuba Oct.  5,  1904 

Pillsbubt,  Gxobox  Bioelow.  Ist  Lieut.,  Corps  of  Engrs.,  Ad- 
jutant, 2d  Battalion  of  Engrs.,   Washington  Barracks, 

Washington,  D.C :.  Dec.  7,  1904 

Puoh,  Mabhhatj.  BoaxRs.   1334  Beal  Estate  Trust  Bldg.,  Phil- 

adelphia.  Pa Dec.  7,1904 
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Date  of 
Membership. 
SsABS,  Thomas  Bastubtt.    FarmingtoD,  San  Joan  Oo.,  N. 

Mex Oct.      5,1904 

Shakes,  Habbt  Lindkn.    Chf.  Engr.,  Gravity  Water  Supply, 

Lynchburgb,  Va Deo.     7,  1904 

Shbphsbd,  Fbank  Gumminos.    N.  Y.  0.  &  H.  R.  B.  B.  Co., 

Grand  Central  Palace,  43d  St.  and  Lexington  Aye., 

NewYorkCity Oct      6,1904 

STBTxiraoN,  WiLiiiAM  Fbbbman.    706  St.  Nicholas  Ave.,  New 

York  City Oct.     5,1904 

WiLaus,  HxBBSBT  Sbdowiok.    EDgr.,   Way  and  i  Jan.  Oct.     1,  1901 

Stmotnre,  B.  H.  B.  B.   (Bes.,  90  Greene -j  Assoc.  Not.    3, 1903 

Ave.,  Brooklyn,  N.  Y (  Assoc.  M.    Nov.     1,1904 

JT7NIOBS. 

AuBXANDEB,  BoBEBT  Leb.    U.  S.  SorYeyman,  Mound,  Chitten- 
den Co..  Ark Nov.  1,1904 

Ball,  Lattbenoe  Adams.    108  West  49th  St.,  New  York  City. . .  May  3,  1904 

Bbeuohaud,  Jules  Bowlet.    Croton-on-Hudson,  N.  Y Nov.  1,  1904 

Castbllanos,  Cxsab.     Hotel  Gillow,  City  of  Mexico,  Mexico..  Oct.  6,  1903 
CoxTiN,  Theodobe  DeLono.      128  Union  Hall  St.,  Jamaica, 

N.  Y Nov.  1,1904 

Hau,  Hebbebt  Milleb.    430  West  118th  St.,  New  York  City.  Nov.  1,  1904 

HiLDEB,  f*BAZEB  Cboswell.    217  F  St.,  Washington,  D.  0. . .  Sept.  6,  1904 

Joheson,  Lxttheb  Elman.     Box  592,  Lawton,  Okla Sept.  6,  1904 

Kahn,  Gustave  Edmued.    350  Greenbush  St.,   Milwaukee, 

Wis Sept.  8,  1904 

Nbal,  Clabencb  Adeimb.   318  Waldron  Ave.,  Kansas  City,  Mo.  Dec.  6,  1904 
Fabkeb,  John  Castlebeagh.    24i  Fifth  Ave.,  Niagara  Falls, 

N.Y Dec.  6,  1904 

Pebbt,  John  Pbinoe  Hazen.      Asst.  Engr.,  L.  I.  B.  B.,  cor. 

Van  Wyck  Ave.  and  Beaufort  St.,  Jamaica,  N.  Y Nov.  1,  1904 

Phillips,  William  Hale.    2430  Bancroft  Way,  Berkeley,  Cal.  Nov.  1,  1904 
Talbot,  Eable.     Care,  Union  Trust  Co.  of  San  Francisco,  San 

Francisco,  Cal Nov.  1,  1904 

Wbstovsb,  Henbt  Chbibtopheb.    1313  Felix  St.,  St.  Joseph, 

Mo Nov.  1,1904 

WiLOox,  Fbank  Leslie.    Hotel  Cameron,  Cameron,  Mo Sept.  6, 1904 

DEATHS. 


Fbenoh,  Fbedebiok  Begin ald Elected  Member,  September  7th,  1904; 

died  November  20th,  1904. 
Johnson,  Lobenzo  Medici Elected  Member,  April  7th,  1880;  died 

November  28th,  1904. 
Latoha,  Jacob  Albebt Elected  Member,  May  7ih,  1873;  died 

November  30th,  1904. 


AfEiairs.] 


CUBBBHiT  EKOINEBBING  LITBBATUBE. 


499 


MONTHLY  LIST  OP  RBCBNT  BNQINEERINQ  ARTICLES  OP 

INTEREST. 

(November  6th  to  December  10th,  1904.) 

Note. — This  list  is  published  for  the  purpose  of  placing  b^ore  the  members 

qftJie  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 

to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 

the  publication   directly,    the    address    and  price  being   given  wherever 

possible. 

^  LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
-fiasedto  each  journal  in  this  list. 

(38)  Nouvellet  Annales  de  la  Construc- 
tion^ Paris,  France. 

(36)  La  Revtie  Techniove,  Paris*  France. 

(37)  Bevue  de  Micaniotie^  Paris.  France. 

(38)  Revue  Q&nirale  dee  Chemine  de  Fer 
et  dee  Tramvoaye.  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 
111.,  10c. 

(40)  Railway  Age^  Chicafro,  111.,  10c. 

(4 1 )  Modem  Machinery ,  Chicaflro,Ill. ,  10c. 
(4a )  Traneactione,  Am.Inst.  Elec.  Enin*s., 

Now  York  aty,  60c. 

(43)  Annales  dee  Ponte  et  Chatuaiee, 
Paris.  France. 

(44)  JoumcU,  Military  Benrice  Institu- 
tion, Goyemor's  Island,  New  York 
Harbor,  50c. 

(am)  Mines  and  Minerals,  Scranton,  Pa., 

aoc. 

(46)  Scientific  American,  New  York  City, 
8c. 

(47)  Mechanical  Engineer,  Manchester, 
England. 

(84)  Transactionsy  Am.  Soc.  C.  E.,  New 
York  City,  $6. 

(EE)  Transactions,  Am.  SOc.  M.  E.,  New 
York  City,  $10. 

(36)  Transactions,  Am.  Inst.  Min.  Engrs., 
New  York  City,  $6. 

(87)  CoUiery  Guardian,  London,  England. 

(58)  Proceedings,  Eng.  Soc.  W.  Pa.,  410 
Penn  Ave.,  Pittsburg, Fa. ,  SOc. 

(89)  Transactions,  Mining  Inst,  of  Scot- 
land, London  and  Newcastle-upon- 
T^e,  England. 

(60)  Municipal  Engineering,  Indianap- 
olis, fnd.,«6c. 

(61)  Proceedings.  Western  Bail  way  Club, 
226  Dearborn  St. ,  Chicago,  111.,  26c. 

(6*)  American  Manufacturer  and  Iron 
World,  69  Ninth  St. ,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E. 
London,  England. 

(64)  Poioer,  New  York  City,  »0c 
(68)  Official  Proceedings,  New  York  Rail- 
road Club,  Brooklyn,  N.  Y.,  15c. 


(1)  Journal,  Assoc.  Eng.  Soc,  867  South 
Fourth  St., Philadelphia.  Pa^  SOc. 

(a)  Proceedings,  Engrs.  Club  of  Fhila., 
1182  Oirard  St.,  Philadelphia,  Pa. 

(3)  Journal,  Franklin   Inst.,  Philadel- 

phia, Pa.,  50c.  ^ 

(4)  Journal,  Western  Soc.  of  Engrs.,  Mo- 

nadnock  Block,  Chicago.  Til. 
(8)  Transactions,  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology  Quarterly.  Mass.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst..  Hoboken,  N.  J.,  60c. 

(9)  Engineering  Magazine,  New  York 

(10)  Cassier's  Magazine,  New  York  City, 

26c. 
<ii)  Engineering  (London),  W.  H.  WUey, 

New  Yort  (5lty,  86c.  ^       , 

fi9)  3^effna<n«er (London),  International 

News  Co.,  New  York  City,  86c. 

(13)  Engineering  yews.  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  18c.  „    ,    ^^^ 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c.    ^    ^^       ^    ^ 

(17)  Street  Railway  Journal,  New  York 

City  86c. 

(18)  Railway  and  Engineering  Re\Hew, 

Chicairo,ni.,10c. 

{ I  o)  Scientific  American  Supplement,  New 
York  Citv,  10c.       _      ^^ 

<ao)  Iron  Aae,  New  York  City,  10c. 

rai)  Railway  Engineer,  London,  Eng- 
land, 85c.  _     . 

(as)  Iron  and  Coal  Trades  Review,  Lon- 
don. Knarland,  86c.  ^  ^^    , 

(aa)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa.       ,  ^, 

{2A)  American  Gas  Light  Journal,  New 

^  *        York  City,  10c.  _    ^  ^^ 

(»S)  American  Engineer,  New  York  City, 
20c.  „     ,     ^ 

(a6)  Electrical  Review,  London,  England. 

(»f)  Electrical  World  and  Engineer,  New 
York  City,  10c.        ^  _  ^      ^.     ^ 

(a8)  JoumahVew  England Water-'^ orks 
Assoc,  Boston,  81. 

(a9)  Journal,  Society  of  Arts,  London, 
England,  15c.  «  ^.. 

(30)  Annales    dea    Travaux  Publics  de 

Belgique,  Bnisseis,  Belgium. 

(31)  Annales  del'  Assoc,  des  Ing.  Sortis 

des  I^role  Spiciales  de  Gand,  Brus- 
sels, Beleium.  ,     ,     „ 
( aa)    Mimoires  et  Compte  Rendu  des  Tra- 
mux.  Soc.   Ing.   Civ.  de  France, 
Paris.  France.           _ 

(33)  L€  (?<<ni€  (7tvt/.  Paris,  France. 

(34)  Porte feuille    Economique    des   Ma- 

chines, Paris,  France. 


(66)  Journal  of 
England,  1 


fork  City, 


Gas  Lighting,  London, 
„ ,  16c. 

(67)  Cement  and  Engineering  News,  Chi- 

cago, III.,  26c. 

(68)  Mining  Journal.  London,  England. 

(69)  Mill  Owners,  New  York  City.  10c. 

(70)  Engineering  Review,  New  Yoi 

10c. 

(71 )  Journal,  Iron  and  Steel  Inst.,  London, 

England 
(7a)  Street  Hailway  Review,  CHiicago,  SOc. 

(73)  Electrician,  London,  England.  18c. 

(74)  Transactions,     Inst,    of    Min.    and 

Metal.,  London,  England. 
(78)  Proceedings,  Inst,  of  Mech.  Engrs., 
London.  England. 

(76)  Bricfc,  Chicago,  lOc. 

(77)  Journal,  lost.  Elec.  Engrs.,  London, 

England. 
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LIST  OP  ARTICLES. 
Brtdffe. 

The  Erection  of  Iron  Bridges.*    Russell  Scott  Scbolefleld.    (63)  Vol.157. 

The  Breydon  Viaduct  at  Great  Tarmouth.*  William  Marriott  and  Theodore  Graham 
Gribble,  MM.  Inst.  C.  E.    (63)  Vol.  167. 

Ferro-Concrete  Bridge.*    (la)  Oct.  88;  (11)  Oct.  28. 

The  Strensrth  and  Stability  of  Stone  and  Brick  Bridges.*    (ai)  Serial  beginnhig  Not. 

New  Bridge  Near  Mayence  *    (la)  Nov.  11. 

The  Thebes  Bridge.*    (14)  Nov.  18. 

Renewing  Bridges  on  the  west  Shore.*    (15)  Nov.  18. 

The  Anatomy  of  Bridgework.*  W.  H.  Thorpe,  Assoc.  M.  Inst.  C.  E.  (11)  Serial  begin- 
ning Nov.  18. 

Repairing  a  Wrecked  Drawbridge  over  the  Maumee  River  at  Toledo.*    ( 14)  Nov.  10. 

Designs  for  Bascule  Bridges  without  Tail  Pits.*    (13)  Nov.  84. 

The  Bridge  over  the  Rhine  at  Thusis.*    (la)  Nov.  26. 

A  Large  Sheet  Pile  Cofferdam.*    ( 14 )  Nov.  26. 

The  Calumet  River  Drawbridge,  Baltimore  &  Ohio  R.  R.*    (14)  Nov.  86. 

The  Erection  of  the  Double-Track  Mingo  Cantilever  Bridge  over  the  Ohio  River.*  (14) 
Serial  beginning  Nov.  86. 

Structural  DetailR  of  the  New  Reinforced  Concrete  Bridge  at  Grand  Rapids,  Mich.* 
Wm.  F.  Tubesing.    (13)  Dec.  1. 

An  Interesting  SteelArch  Bridge  Design.*    (13)  Dec.  1. 

The  Quebec  Bridge.*    (15)  Dec.  8. 

Concrete  Abutment  on  the  Ulster  &  Delaware.*    M.  H.  McGee.    (15)  Dec.  2. 

Reinforced  Concrete  Arch  Bridges,  Como  Park,  St.  Paul.*    (14)  Dec.  8. 

The  New  Pend  d'Orellle  Bridge,  Nortihem  Pacific  Ry.*    (18)  Dec.  8. 

The  South  Tenth  Street  Bridge,  Pittsburg.*    (14^  Dec.  10. 

Reoonscruction  of  Viaduct  over  the  Michigan  Central  Railroad,  by  Michigan  Traction 
Company,  near  Galesburg,  Mich.*    (17)  Dec.  10. 

Electrical. 

The  Evolution  of  the  Submarine  Telegraph.*    Charles  Bright,  Assoc.  M.  Inst.  0.  E.  (63 > 

Some  Notes  on  the  Edison  Nickel-Iron  Storage  Battery.*    F.  M.  Davis.  (4)    Oct.. 

Thirty-Thousand-Volt  Transmission.  J.  F.  Kelly  and  A.  C.  Bunker.  (Abstract  of  Paper 
read  before  the  International  Elec.  Cong.)    (73)  Oct.  28. 

The  Measurement  of  the  Potential  of  the  Electrodes  in  Stationary  Liquids.*  Henry  J. 
8.  Sands.    (Paper  read  before  the  Faraday  Soc.)  (73)  Serial  beginning  Oct.  28. 

Notes  on  Faults  in  Small  Lead-Covered  Wires.*    Donald  Smeaton  Blunro.  (a6)  Oct  28. 

The  Lancashire  Dynamo  and  Motor  Co.'s  Works  at  Tralford  Park.*  (a6)  Oct.  28;  (la) 
Nov.  18. 

The  So-Called  International  Electrical  Units.  F.  A.  Wolff.  (Abstract  of  Paper  read 
before  the  International  Elec.  Cong.)    (a6)  Oct.  28. 

The  Superiority  of  Alternating  Current  for  the  Supply  of  Current  to  Large  Cities.  Gott- 
hold  Stem.  (Abstract  of  Paper  read  before  the  International  Elec.  Cong.)  (73) 
Oct.  28. 

Transformer  with  a  Large  Electrostatic  Capacity.*    (73)  Oct.  88. 

The  Unobtained  Wave-Lengths  between  the  Longest  Tnermal  and  the  Shortest  Electri<r 
Wave  Tet  Measured.  E.  F.  Nichols.  (Abstract  of  Paper  read  before  the  Interna- 
tional Elec.  Cong.)    (73)  Oct.  88. 

The  Transposition  01  Electrical  Conductors.*    Frank  F.  Fowle.    (4a)  Nov. 

The  Short-Circuit  Current  of  an  Induction  Motor.*    G.  W.  Howe.    (73)  Nov.  4. 

Coherer  Action.*  K.  E.  Guthe.  (Abstract  of  Paper  read  before  the  liitemational  Elec. 
Cong.)    (73)  Nov.  4. 

Electrolytic  Receivers  in  Wireless  Tel^rapby.*  Lee  De  Forest.  (Abstract  of  Paper 
read  t>ef ore  the  International  Elec.  Cong.)    (73)  Nov.  4. 

The  Bay  Counties  Power  Co.^s  Transmission  System.  L.  M.  Hancock.  (Abstract  of 
Paper  read  before  the  International  Elec.  Cong.)    (73)  Nov.  4. 

Americcm  Practice  in  High-Tension  Line  Construction  and  Operation.  F.  A.  C.  Perrine. 
(Abstract  of  Paper  read  before  the  International  Elec.  Cong.)    (73)  Nov.  4. 

Heysham  Harbour  Electric  Power  Plant.*    (a6)  Nov.  4. 

Economics  of  a  800-Mile  Transmission.*    J.  Euerene  Wallace.    (97)  Nov.  6. 

The  Testing  of  Transformer  Iron.*    Lancelot  W.  Wild.    (73)  Nov.  11. 

Theory  of  wireless  Telegraphy.*  John  Stone  Stone.  (Paper  read  before  the  Interna- 
tional Elec.  Cong.)    (73)  Nov.  11. 

The  Press-Button  Control  of  Lifts.*    (la^  Nov.  11. 

The  Stalybridge,  Hyde,  Mossley  and  Dukiufleld  Tramways  and  Electricity  Board's 
Scheme.*    (a6)  Nov.  11. 

Report  on  the  Wireless  Telegraph  Communication  Between  St.  Louis  and  Chicago.* 
(a7)  Nov.  IS. 

The  Power  Plant  of  the  Lewis  Publishing  Company,  St.  Louis,  and  the  Largest  Search- 
light in  the  World.*    (a7)  Nov.  18. 

Thermo-Electric  Receivers  for  Wireless  Telegraphy  and  Telephony.*    ( 19)  Nov.  12. 

The  Willesden  Power  House,  London,  England.*    (a?)  Nov.  12. 

The  Electrical  Equipment  of  the  Karawanken  Tunnel.*    (a7)  Nov.  12. 

*  niustrated. 
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Electrical— (Continued). 

The  Radcllffe  U.  D.  C.  Electricity  Works.*    (a6)  Nov.  18. 

York  Ck>rporation  Electricity  Works.*    (»6)  Nov.  18. 

The  Unipolar  Dynamo.*  J.  Seidener.  (From  Zeitschrift  fur  Elektrotechnik.)  (a6)  Nov.  18. 

An  Appfication  of  Telpherage.*    (40)  Not.  18. 

Methods  of  Cable  Laying.*    Leonard  Andrews.    (73)  Nov.  18. 

The  St.  Louis  Exhibition  (Electrical  Exhibits).    (11)  Nov.  la 

Insulation  for  High  Pressures.*  Harris  J.  Ryan.  (Abstract  of  Paper  read  before  the 
International  Elec.  Cong.)    (73)  Nov.  18. 

Telegrapby  and  Telephony  in  Japan.  9aitaro  Oi.  (Abstract  of  Paper  read  before  the 
Intemational  Elec.  Cong.)    (73)  Nov.  18. 

Modem  High-Speed  Printing  Telegraph  Systems.  J.  C.  Barclay.  (Paper  presented 
before  the  International  Elec.  Cong.)    (19)  Nov.  19. 

Siemens  &  Halske  Printing  Telegraph  or  Telecryptograph.*.  L.  Ramakers.  (19)  Nov.  19. 

The  Testing  of  Lightning  Rods.  (Tr.  from  Allgemeine  Chemiker  Zeiiung.)  (19)  Nov.  19. 

Speed  Indicators.*    Clarence  P.  Feldmann.    (37)  Nov.  19. 

An  Alternating  Current  Relay  for  Low  Frequencies.*    Frank  F.  Fowle.    (ay)  Nov.  19. 

Latest  Improvements  hi  (Darbon-Maldng.  Eugene  Omsteln.  (After  a  Lecture  of  T. 
Zellner.)    (a6)  Nov.  85. 

The  St.  Louis  Exhibition:  The  Exhibits  of  the  Electrical  (Controller  and  Supply  Com- 
pany.   (II)  Nov.  26. 

Electric  Traveling-Cranes  at  the  St.  Louis  Exhibition.*    (u)  Nov.  S5. 

A  Method  of  Measuring  Magnetomotive  Forces.*    Rudolf  Gtoldschmidt.    (73)  Nov.  &\ 

The  Alternating-Current  Theory  of  Transmission  Speed  Over  Submarine  Telegraph 
Cables.  A.  E.  Kennelly.  (Abstract  of  Paper  read  before  the  St.  fjouis  Interna- 
tional Elec.  Cong.)    (73>  Nov.  86. 

Starting  and  Regulating  Resistances.*    (73)  Nov.  86. 

The  Ridgway  Variable  Speed  Motor.*    (14)  Nov.  80. 

ElectrlcTower  Along  Niagara  Frontier.*    (27)  Nov.  86. 

Loads  on  Factory  Motors.    (46)  Nov.  86. 

An  Economical  Power  Plant  at  Lima,  Ohio.*    Frank  B.  Rae.    (17)  Nov.  86. 

Electric  Transmission  Devices  for  Automobiles:  The  Jeantaud  and  the  Electrogenia 
Systems.*    (19)  Nov.  86. 

The  Induction  Motor  with  High  Resistance  Secondary.    C.  J.  Spencer,    (ay)  Nov.  86. 

Lightning  Rods,  Wireless  Telegraphy  and  ihe  Dispersion  of  Fog^  by  Electricity.  A. 
Frederick  Collins,    (ay)  Nov.  86. 

The  Commercial  Development  of  Water  Power.    Alton  D.  Adams,    (lo)  Dec. 

The  Principles  of  Exchange  Telephony.    Herbert  Laws  Webb.    ( 10)  Dec. 

Coal  Conveying  Plant  at  Stuart  Street,  Manchester,  Power  Station.*  I.  William  Chubb. 
(64}  Dec. 

Efficiency  of  Closed  Heaters.    W.  E.  Crane.    (64^  Dec. 

Electrical  Pointers.*    W.  H.  Wakeman.    (64)  Dec. 

InstallingElectric  Motors.*    William  Kavanagh.    (64)  Dec. 

Multiple  vol tai?e  Control  of  Motors.*    Norman  Gardner  Meade.    (64)  Dec. 

A  New  Form  of  Liquid  Rheostat  for  Starting  Electric  Motors.*    (46)  Dec.  8. 

The  Combined  Lighting  and  Heating  Plant  of  the  Columbus,  Ohio,  Public  Service  Com- 
pany.*   (ay)  Dec.  8. 

Special  Applications  of  Electric  Motors  at  the  World's  Fair.*  Cloyd  Marshall,  (ay) 
Dee.  8. 

New  Motor  Speed  Controller.*    (a7)  Dec.  3. 

Commutation  in  Alternating-Current  Motors  at  Starting.*   Marius  Latour.    (a7)  Dec.  8. 

The  Evolution  of  High-Tension  Insulators.*    (ay)  Dec.  8. 

~     ~  "  eter.*    R.  S.  White.    (a7)  Dec.  f 


Niagara  Power  in  BuflTalo.  (a?)  Serial  beginning  Dec.  8. 
Electromagnetic  Torque.  A.  S.  McAllister.  (37)  Dec.  8. 
On  the  Experluental  Determination  of  the  E.  M.  F.  of  Dispersion  of  Stray  Field  of  an 


Armature  Winding.    C.  F.  Guilbert.    (ay)  Dec.  8. 

The  Dynelectlon.*    S.  D.  V.  Burr,    (ao)  Dec.  8. 

The  American  Electric  &  Controller  Company  Rheocrat.*    (ao)  Dec.  8. 

The  Use  of  Electricity  in  Driving  Coal-O>nveying  Machinery.*  Frank  C.  Perkins.  (46) 
Dec.  10. 

Sur  rfitiablissement  Ratlonnel  des  Moteurs  Asynchrones.    C.  F.  Guilbert.    (36)  Oct.  86. 

Travaux  d'Inatallation  de  TUsine  Hydro-filectrique  de  la  Compagnle  Toronto  and  Niag- 
ara Power.    (33)  Oct.  89. 

La  Force  Motrioe  a  1^  Exposition  deSaint-LoulsiGroupe  Electrogdne  des  Sod^tds  Delau- 
nay-Belleville  et  I'Eclalrage  Electrlque.*    Charles  Dantin.    (33)  Oct.  89. 

L'Exposition  de  la  Soci6t6  Westinghouse,  &  Arras:  Moteur  k  Gas  et  Appareils  Elec- 
triques.    (33)  Nov.  5. 


Mesure  d'un  Defaut  d*Isolement  entre  un  Cable  et  la  Terre  (Roseau  en  Charge).* J^  J. 

Vinson.    (36)  Nov.  86. 
La  Voiture  Mixte  "  Krieg«rr."*    M.  Poulaln,    (36)  Nov.  36. 


Marine. 

Ferry  Transportation.*    J.  M.  Cherry.    (65)  Oct. 

Commander  Peary's  New  Vessel.*    (la)  Oct.  88. 

"  Thermo  Chxnilator ''  for  Steam  Boilers  (of  the  Marine  Type).*    (47)  Oct.  89. 

*  niustrated. 
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Martoe— (Cofltioned) . 

H.  H.  8.  King  Bkitoard  VII*    (la)  Not.  4. 

Steam  Trials  of  H.  M.  S.  Dominion*    ( 1 1 )  Not.  4. 

The  Japanese  Cruisers  Nis9hin  and  Kaauga*    (la)  Not.  4. 

H.  M.  Armoured  Cruiser  Blcuik  Prince*    (la)  Not.  11. 

The  Trial  Trip  of  the  Armored  Cruiser  Colorado*    (a6)  Nov.  1«. 

The  Economy  of  Steam  Turbines  In  Cruisers.^    (u)  Kov.  18. 

Steam  Closing  Stop  Valves  fer  Boilers.*    A.  B.  WUlits.    (ao)  Nov.  94.  ^  _ 

Simple  Methods  in  Warship  Design  a  Necessity.*  Georae  W.  Dickie.  (Abstract  of  Paper 

read  before  the  Soc.  of  naval  Archts.  and  Marine  Engrs. )    (13)  Nov.  94. 
Maintenance  of  Machinery  in  Merchant  Ships.    Robert  iJaig.    (Abstract  of  Paper  read 

before  the  Soc.  of  Naval  Archts.  and  Bfarlne  Engrs.)    (13)  Nov.  84. 
The  Battleship  Deutschland.    (la)  Nov.  86. 

Experiments  on  Some  Structural  Details  (In  Shipbuilding).'*    (la)  Nov.  86.  _      _ 

Interesting  Repair  Work  on  the  Steamship  Ekliptiha  .*    Alfred  Gradenwits.  (19)  Nov.  96. 
The  Development  of  Dry-Dock  Pumping  Machinery.*    Joseph  S.  Shultz.    (0)  Dec. 
Recent  Experiments  on  Screw  Propdlers  at  the  U.  S.  Model  Basin.*  D.  W.  Taylor. 

(Paper  read  before  the  Soc.  of  Naval  Archts.  and  Marine  Engrs.)    (13^  Dec.  1. 
The  Character  of  the  Power  Plants  in  the  U.  S.  Navy  Yards.    (14)  Dec.  8. 
Skeleton  Models  of  Warships.*    (46)  Dec.  10. 
<:!omparison  des  Turbines  et  des  Machines  Alternatives  pour  la  Propulsion  des  Navires.* 

.1.  Bousquet.    (33)  Nov.  96. 

Mechanical. 

Notes  on  Lutes  and  Cements.    Samuel  S.  Sadtler.    (a)  Oct. 

The  Diesel  Engine  in  Practice.    James  D.  Macpherson.    (a)  Oct. 

An  Improved  Gas  Apparatus.*   J.  E.  Babb.    (58)  Oct. 

Utilization  of  Exhaust  Steam  in  Connection  with  Low  Pressure  Steam  Turbines.* 
Leonce  Battu.    (4)  Oct. 

Torsional  Vibration  of  Shafts.  Isaac  Vincent  Robinson,  Stud.  Inst.  C.  E.  (Abridged.) 
(63)  Vol.  157. 

Rotary  Kiln  Fuel  Consumption.    P.  O.  Krottnaurer.    (67)  Oct. 

Tests  Made  on  Solders  for  Steel  Brasing.    (11)  Oct.  88. 

Improved  Valve  (3ear.*    (la)  Oct.  88. 

Steam  Boilers.  P.  U.  Bowman.  (Lecture  before  the  National  Assoc,  of  Colliery  Mrgs.) 
(aa)C)ct.88. 

Discussion  on  the  Individual  Operation  of  Machine  Tools  by  Electric  Motors.*    (3)  Nov. 

A  Proposed  Modification  of  the  Perfect  Heat-Engine  Formula.*  Louis  Ulmer,  Jr.  (8) 
Nov. 

Reed's  Speed  Jack.*    (3)  Nov. 

Maklne  Brick  at  the  Tuskegee  Normal  and  Industrial  Institute.*    (76)  Nov. 

Transforming  Peat  to  Power  in  Sweden.*    (76)  Nov. 

Suction  Gas  Producers.*    (76)  Nov.;  (la)  Nov.  4. 

The  KOster  Air- Compressor.*    (11)  Nov.  4. 

Test  of  leo-fi.  H.  P.  Diesel  Engine  at  Ghent.*    (a6)  Nov.  4. 

High-Speed  Lathes.*    (la)  Nov.  4. 

The  Assistance  of  Superheated  Steam  for  Reducing  the  Cost  of  Electrical  Energy.*  E.  J. 
Fox.    (aa)  Nov.  4. 

Shrinkage  Troubles  and  Methods  of  "  Feeding.'**  Tbos.  D.  West.  (Paper  read  before  the 
New  Fngland  Foundrymen*s  Assoc.)    (47)  Nov.  6. 

Notes  on  Emery  Wheels.    (47)  Nov.  5. 

Model  of  a  Contlnuous-Feea  Gas  Producer  at  the  St.  Louis  Fair.*    (46)  Nov.  5. 

Air  in  Relation  to  Boiler  Feeds.*  James  Alexander  Smith.  (Paper  read  before  the  Vic- 
torian Inst,  of  Engrs.,  Melbourne.)    (6a)  Nov.  10. 

The  Relation  of  Calorific  Power  to  Illuminating  Power  of  Gas.    (11)  Nov.  11. 

Hydraulic  Forging-Presses.*    (11)  Nov.  11. 

Milling  Cutters.*    Thomas  R.  Shaw.    (47}  Serial  beginning  Nov.  18. 

Heavy  Grading  with  Hydraulic  Monitors.  C.  H.  RoUins.  C  Abstract  of  Paper  read  be- 
fore the  Pacific  Northwest  Soc.  of  Engrs.)    ( 14)  Nov.  18. 

Consumers*  Meters.*  B.  H.  Spancrenberg.  (Paper  read  before  the  Amer.  Gas  Light 
Assoc.)    (a4)  Serial  beginning  Nov.  14. 

A  New  Machine  for  Molding  Cement  and  Sand  Bricks.*    (13)  Nov.  17. 

The  Adriance  New  Type  Combined  Drawing  and  Reducing  Press.*    (ao)  Nov.  17. 

The  Liquid  Fuel  Investigation  of  the  Navy  Department.    (6a)  Nov.  17. 

A  Mechanical  Wood- Worker.*    (la)  Nov.  18. 

Pipes  and  Joints  for  High  PreesureH.*  Franklin  Riffle.  (Abstract  of  Paper  read  before 
the  Technical  Soc.  of  the  Pacific  Coast.)    ( aa)  Nov.  18. 

Test  on  a  600-kw.  Curtis  Turbine  Set  at  Cork.*    (73)  Nov.  18:  (47)  Nov.  96;  (17)  Dec.  8. 

The  Vulcan  Swivel  Hyphen  and  Pressure  <3auge.*    (47)  Nov.  19, 

Gas  Engine  Testing  at  the  Works  of  the  Westlngnouse  Machine  Co.  £.  E.  Arnold. 
(From  the  Journal  at  the  Elec,  Club  of  Pittsburg. )    ( 14)  Nov.  19. 

The  Properties  of  Blue  Gas.    H.  F.  Hills.    (a4)  Nov.  81. 

An  Ingenious  and  Effective  AirLift  Pump.*    (13)  Nov.  84. 

Chemistry  in  the  Foundry.  R.  Moldenke.  ( Paper  read  before  the  New  Enghud  Foundry  • 
men *s  Assoc.)    (ao)  Nov.  84. 

*  Illustrated. 
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Mechanical— (Continued ) . 

Steam  Eii;?lDes  and  Turbines.  F.  H.  Bowman.  (Lecture  before  tlie  National  Assoc,  of 
ColUf^ry  MKffi.)    (as)  Nov.  25. 

The  Coming  of  the  Qas  Turbine.    E.  Kilbum  S30tt,  A.  M.  I.  C.  E.    (a6)  Nov.  95. 

The  Smoke  Problem.*  F.  J.  Rowan.  (Paper  read  before  the  Inst,  of  Engrs.  and  Ship- 
builders In  Scotland. )    (47)  Serial  beglnnli^S  Noy.  96. 

The  National  Steel  Foundry  Company.*    (14)  Nov.  26. 

The  Revivification  of  Oxide  in  Situ.    James  Bell.    (Paper  read  before  the  Scotttsh 


Junior  Oas  Assoc.)    (24)  Nov.  88. 
Gravity  Cement  Mill  In  the  Psrrenees.* 
Stocker  Cooling  Tower.*    (9)  Dec. 


A  Gravity  Cement  Mill  hi  the  Pyrenees.*    Gteo.  M.  Peek,    (q)  Dec. 


The  Panama  Automatic  Conveyor  and  Dumping  Car.*    (41)  Dec. 

The  Jones  Underfeed  Stoker.*    (Rept.  of  Committee  on  Science  and  the  Arts.)  (3)  Dec. 

Power  Plants  of  the  Atlas  Portland  Cement  Co.*    (64)  Dec 

Future  Progress  of  the  Stenm  Engine.*    Ed.  F.  Williams.    (64)  Deo. 

ComparLson  of  Boiler  Trials,*    J.  H.  Wallace.    (64)  Dec. 

Suction  Qas  Producers.*    B.  A.  Sinn.    (64)  Dec. 

Lubricating  the  Valve  and  Cylinder.*    J.W.Parker.    (64)  Dec. 

The  Steam  Turbines  of  the  St.  Louis  Exposition.*    ( 64)  Dec. 

Experiment  and  Practice  In  the  Construction  of  Steam  Boilers.    Egbert  P.  Watson. 

(0)  Dec. 
Power  Required  by  Machine  Tools.*    (25)  Dec. 
The  Poston  Paving  Brick  Co.,  Crawfordsville,  Ind.*    (76)  Dec. 
Continuous  Kilns.*    (76)  Serial  beginning  Dec. 
The  Campus  Brick  and  Tile  Works,  Campus,  111.*    C76)  Dec. 
A  New  Type  of  Engine.*    (17)  Nov.  26:  (76)  Dec. 
The  Scottdale  Corliss  Engine.*    (64)  Dec.;  (ao)  Dec.  8. 
Modem  Planers.*   Joseph  Homer.    ( 10)  Dec. 
Motor  Equipped  Pump  Building  Shops.*    ao  Dec.  1;  (27)  Dec.  1. 
Profit  hi  the  IJse  of  H^h  Speed  Steel  Tools.*    (ao)  Dec.  1. 
The  New  Prentice  18-Inch  Lathe.*    ^ao)  Dec.  1.   - 
The  Forter  Charger  for  Annealing  Furnaces.*    (ao)  Dec.  1. 
A  Novel  Trench  Excavating  Machine.*    (13)  Dec.  1. 
Power  Hoists  for  StatlonarV  and  Trolley  Service.*    (40)  Dec.  2. 
'*  La  Magnetiaue  "  Automobile :  A  Simplified  Type  of  Machine  with  Magnetic  Clutches.* 

The  Silent  Chain  for  Driving  Machinery.*    (14)  Dec.  8:  (17)  Dec.  8;  (a7)  Dec.  8. 

Gas  Engines  In  the  Works  of  the  Power  &  Mining  Machinery  Company.*    (17)  Dec.  8. 

Some  Foreign  Yard  Cranes  and  Derricks.*    (1$)  Dec.  8. 

More  New  Tvpes  of  Prime- Movers  at  World's  Fair.*    (a7)  Dec.  8. 

Rotary  EDgmes.*    F.  Niethammer.    (27)  Dec.  8. 

Some  Laive  Engines  in  the  Power  Plant  of  the  St.  Louis  Exhibition.*    (13, 

The  Best  Economy  of  the  Piston  Steam  Engine  at  the  Advent  of  the  Steam  Turbine. 


Some  Lanre  Engines  in  the  Power  Plant  of  the  St.  Louis  Exhibition.*    (13)  Dec.  8. 

*""  )  Best  Economy  of  the  Piston  Steam  Engine  at  the  Advent  of  the  Steam  TurL 

J.  E.  Denton,  M.  Am.  Soc.  M.  E.    (Paper  read  before  the  International  Cong,  of  Arts 

and  Sciences. )    C 1 3 )  Dec.  8. 
The  New  Wamer  A  Swasey  Turret  Lathe.*    (ao)  Dec.  8. 
The  Indiana  Volume  Blowers  and  Exhausters.*    (ao)  Dec.  8. 
The  American  Electric  &  Controller  Company  Rheocrat.*    (ao)  Dec.  8. 
An  Automatic  Gas  Producer.*    (16)  Dec.  8. 
Gas  Engines  hi  Power  Plants.    Wm.  T.  Masruder.    (Paper  read  before  the  Ohio  Soc. 

Mech.,  Elec.,  and  Steam  Engrs.)    (6a)  Dec.  8. 
New  Apparatus  for  Charging  and  Discharging  Gas  Retorts.*    Emile  Guarini.    (19) 

Dec.  10. 
Nouveau  Systdme  de  Cabestan  Electrique.*    F.  Lopp6.    (36)  Oct.  96. 
La  Force  Motrice  a  rExpoeltion  de^  Saint-Louis :  Groupe  Bleotrogdne  des  8oci6t68 

Delannay-BpllevIUe  et  PEclairage  Electrique.*   Charles  Dantin.    (33)  Oct.  99. 
Niveaux  d'Eiau  pour  Chaudidres  Ik  Vapeur.*    (34)  Nov. 
Machines  A  Moiuer  les  Tuyaux  Cintr6s.*    (34)  Nov. 

Graisseurs  Mficaniques  pour  Voitures  Automobiles.*    (34)  Serial  beidnnlng  Nov. 
La  Force  Motrice  a  TExpoeition  de  Saint  Louis:  Turbine  Curti8>    L.  Piaud.    (33) 

Nov.  12. 
La  Force  Motrice  a  T Exposition  de  Saint-Louis :  Groupe  £lectrogdne  de  la  Soci6t6 

Alsacienne  de  Constructions  Mdcaniques.*    G.  Zweifel.    (33)  Nov.  19. 
Machloes  &  Vapeur  &  Pistons-Valves  de  la  Nouvelle  Station  Centrale  d'filectridtd  de 

Mulhouse.*    (33)  Nov.  19. 

Metallnrtlcai. 

Ore  and  Stone-Crushing  Machines.*    (11)  Oct.  28:  (la)  Oct.  28;  (aa)  Oct.  28. 

Foundry  Practice  with  Copper  and  its  Alloys.    W.  J.  Reardon.    (Paper  read  before  the 

Electric  Club.)    (47)  Oct  29. 
On  Small  Pbints  for  the  Production  of  (Hastings.    R.  M.  Daelen.    (aa)  Nov.  4. 
Electric  Smelting  of  Iron  and  Steel.    J.  H.  Stansbie.    (Abstract  of  Flaper  read  before 

the  Staffordshire  Iron  and  Steel  Inst.)    (aa)  Nov.  4. 
Tube  Mills:  the  Mode  of  Operation.*    Hermann  Fischer.    (68)  Nov.  6;  (Abstract  from 

the  Zeitschrift  des  Verehies  Deutscher  Ingenieure.)    (16)  Nov.  17. 

*  Dlustrated. 


CURRENT  BNQINEERIKO   LITERATURE.  507 

MeUl  Ittrgical— (Continued }. 

Roasrinff  at  the  Tyee  Smelter.*    E.  Jacobs.    (i6)  Not.  10. 

Recent  DeTelopments  In  Crushing  and  Concentrating  Machines.  James  Thame.  (Ab- 
stract of  Paper  re-id  before  the  Soc.  of  Engrs.)    (47)  Not.  12. 

Notes  on  Southern  Pig  Iron.  Eliot  A.  Kebler.  (Paper  read  before  the  Pittsburgh  Foun- 
drymen's  Assoc.)    (ao)  Nov.  17. 

The  lodimetric  Determination  of  Copper.    Andrew  M.  Fairlle.    (16)  Nov.  17. 

Tube  MUls  Adopted  by  the  Rand  Mines.    (68)  Nov.  19. 

American  Steeiand  Wire  Company,  Cleveland.*    (la^  Nov.  26. 

Automatic  Pig-iron  Casting,  Cooling  and  Conveying  Plant.*    (aa)  Nov.  25. 

Electric  Furnace  for  the  Metallurgy  of  Copper.*    (Tr.  from  La  Nature.)  (19)  Nov.  Ml 

Smelters  and  Smelting  Practice  in  British  Columbia.*    William  M.  Brewer.    (9)  Dec. 

The  Molecular  Aggregates  of  Pig  Iron  and  Steel.    A.  D.  Elbers.    (34)  Dec.  1. 

The  New  Chlorination.*    William  E.  Greenawalt.    (16)  Dec.  1. 

Fan  and  Positive  Pressure  Blower  Tests.    W.  H.  M'Fadden.    (ao)  Dec.  6. 

Military. 

Continuous  Reading  Range  and  Azimuth  Finder;  St.  Louis  Ezhiblcion.    (11)  Oct.  28. 
Disappearing  Gun-Carrlages.*    (19)  Nov.  20. 

Mining. 

Description  of  Houldsworth  Colliery,  Dalmelllngton.*  William  Smith.  (59)  Vol.27,  Pt.r. 

An  Inburst  of  Waste- Water  at  Wallyford  Colliery.*  Robert  Thomas  Moore.  (59)  Vol. 
27,  Pt.  1. 

Fire  in  a  Lanarkshire  Colliery,  and  Description  of  a  Condenser  Used  Thereat.*  James 
C.  Weir.    (59)  Vol.  87,  Pt.  1. 

Electric  Power  Distribution  m  Mining.    T.  Huber.    (68)  Oct.  2». 

Power  Plants  at  Collieries.  Maurice  Deacon,  M.  Inst.  C.  E.  (From  Second  Repi.  of  thfr 
Roval  Commission  on  Coal  Supplies.)    (47)  Oct.  29. 

Small  Quick- Running  Fans  for  Mme  Ventilation:  An  Account  of  Some  New  Ventilators 
for  this  Purpose  and  the  Advantages  Claimed.*    James  Tonge.    (45;  Nov. 

The  Hoisting  Problem:  The  Relation  of  the  Underground  Requirements,  the  Engineer- 
ing and  Mechanical,  and  the  Financial  Considerations.  James  R.  Thompson.  (Paper 
read  before  the  Lake  Superior  Mining  Inst.)    (45)  Nov. 

Richmond  No.  8  Shaft:  Methods  Employed  in  Sinking  Through  Quicksand  Near  Scran- 
ton  to  Connect  with  Workings  Below.*    Frank  G.  Wolfe.    (45)  Nov. 

Shaft  Sinking  Througb  Quicksand:  A  Description  of  the  Methods  Employed  at  Susque- 
hanna Mine,  Hibbing,  Minn.  H.  B.  Sturtevanc.  (From  Proceedings  of  Lake  Superior 
Min.  Inst.)    (45 >  Nov. 

Mechanical  Devices  at  American  Collieries.*  L.  L.  Logan.  (Abstract  of  Paper  read" 
before  the  Central  Mln.  Inst,  of  Western  Pennsylvania.)    (57)  Nov.  4. 

Causes  of  Explosions  in  Air  Compressors.  E.  Gone.  (Al»tract  of  Paper  read  before* 
the  Mechanical  Engineers'  Assoc,  of  the  WItwatersrand.)    (la)  Nov.  11;  (14)  Dec.  8. 

The  New  Winning  at  Dawdon  Colliery.    (57)  Nov.  18. 

Gibson  Patent  Electro-Pneumatic  Rock  Drill.*    (a6)  Nov.  18. 

Two  Tears'  Experience  in  Winning  Coal  by  Machlnerv.  F.  O.  Kirkup.  (Paper  read 
before  the  National  Assoc,  of  (Cillery  Mgrs.)    (aa)  Nov.  18. 

Notes  on  the  Application  of  an  Oil  Engine  to  Main  and  Tall  and  Endless  Rope  Haulage 
Combined.*  W.  C.  Bhickett.  (Paper  read  before  the  National  Assoc,  of  Ck>lUery 
Mgrs.)    (aa)  Nov.  18. 

Safety  Stop  Apparatus  for  Hoisting  Engines.*    (68^  Nov.  26. 

Ctold  Drodging  at  Oroville.*    Howard  D.  Smith  and  Elwyn  W.  Stebbins.    (16)  Dec.  8. 

Miscellaneous. 

The  Inch  Versus  the  Metre:  For  a  Universal  Metric  System.    George  Mooree.    ( 10)  Dec. 
The  Engineering  of  Industrial  Buildings.    D.  C.  Newman  Collins,    (ao)  Dec.  1. 

Municipal. 

The  Lighting  of  Streets  in  Manchester.*  S.  L.  Pearoe.  (Rept.  of  the  Special  St.  Mainft 
Sub-Com.  of  the  Manchester  Corporation.)    (73)  Nov.  4. 

Five  Tears'  Operation  of  the  Winnipeg  Municipal  Asphalt  Plant.  H.  N.  Ruttan.  (Pa- 
per read  before  the  Amer.  Soc.  of  Municipal  Impvts.)    ( 14)  Nov.  12. 

The  Oiled  Roads  of  California.    (14)  Serial  beginning  Dec.  8. 

Bitulithic  Pavement  in  Newark,  N.  J.    (14)  Dec.  10. 

Le  Granlt-Asphalte  et  les  Chaussdes  en  Asphalts  Arm6.*    G.  Espitallier.    (33)  Oct.  29. 

Railroad. 

The  Construction  of  Railway- Wagons  in  Steel.*    James  Denis  Twlnberrow.    (63)  Vot. 

157. 
Iron  and  Steel  Railway- Wagons  of  High  Capacity.*    James  Thomas  Jepson.    (63)  Vol. 

167. 
The  Construction  of  Iron  and  Steel  Railway- Wagons.*   Arthur  Lewis  Shaokleford.  (63) 

Vol.  167. 
First-Class  Saloon  for  the  South-Eastem  and  Chatham  RaUway.*    (11)  Oct.  26. 
North-Eastem  Railway  Electric  Goods  Locomotives.*    (73)  Oct.  28. 
Electric  Railway  with  Protected  ''  Live  Rail.''  *    L.  B.  Stillwell.    (Abstract  of  Paper 

read  before  the  International  Elec.  Cong.)    (47)  Oct.  29. 


*  Illustrated. 
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Rallroad-CCootliitted ) . 

Standard  Rail  Sections.     (Report  of  the  EoffineerliiK  Standards  Committee.)*     (47) 

Oct.S9;  (aa)  Oct.  28. 
The  Electric  RaUway  of  La  Mure.*    E.  Ouarlni.    (7a)  Nov. 
Cutting  Key  ways  on  DrlTlng  Axles.*    (39)  Nov. 

Consolidation  Freight  Locomotive,  Canadian  Pacific  Railway.*    (39)  Nov. 
Hydraulic  Piston  Puller.*    (3^)  Nov. 
Equipment  for  a  Modem  Blacksmith  Shop  for  Railroad  Work.*    A.  W.  McCaslin.    (Pa- 

TOT  presented  before  the  National  R.  R.  Master  Blacksmiths*  Assoc.)    (39)  Nov. 
The  weetlnghouse  Automatic  Coupler.*    (ai)  Nov. 
Steam  Passenger  Cars:  Taff  Yale  Railway.*    (ai)  Nov. 
Recent  Locomotive  Work  on  the  London  and  North -Western  Railway.    Charles  Rous- 

Marten.    (la)  Serial  beginning  Nov.  4. 
The  Young  Rotary  Valve  and  Gear  for  Locomotives.*    (40)  Nov.  4;  (18)  Nov.  5. 
The  Locomotive  and  Machine  Company  of  Montreal,  Ltd.*    (18)  Nov.  5. 
Atlantic  Type  Oil  Burner,  Southern  Pacific  Co.    ( 18)  Nov.  6. 
The  New  York  Central  Power  House.     1  ay)  Nov.  6. 
Progress  of  the  Excavation  Work  at  the  N.  T.  Central  &  Hudson  River  R.  R.  Terminal.* 

(13)  Nov.  10. 
The  Beard  Automatic  Car  Coupler.*    (ao)  Nov.  10. 
French  Quadruple-Expansion  Engine  of  1  500  H.  P:  at  the  St.  Louis  Exhibition.*    (13) 

Nov.  10. 
The  Washington  Terminal  Improvements  of  the  Baltimore  &  Ohio  and  the  Pennsylvania 

Railways.*    W.  F.  Strouse.    (13*  Nov.  10. 
The  Remarkable  Progress  of  the  Hudson  River  Tunnel  for  the  New  York  &  New  Jersey 

R.  R.  Co.*    (13)  Nov.  10. 
Great  Northern  Tunnel  at  Seatile.*    (13)  Nov.  11. 
New  Yards  and  Terminal  Approaches  at  Washington,  D.  C*    W.  F.  Strouse.    (15) 

Nov.  11. 
The  Mallet  Articulated  Locomotive  at  the  St.  Louis  Exhibition.*    H.  W.  Hanbury,  A. 

M.  L  C.  E.    (II)  Nov.  11. 
Auto  Cars  on  French  Railways.*    (40)  Nov.  11. 
Rails  for  Lines  with  Fast  Trahis.    J.  W.  Post.    (From  Bulletin  otXhe  International  Ry. 

Cong.)    (40)  Nov.  U. 
Boston  &  Maine  10-wheel  Passenger  Locomotive.*    (40)  Nov.  11. 
The  King-Lawson  Dumping  Car.*    (40)  Nov.  11:  (agi  Dec. 
Improvements  on  the  Morris  &  Essex  Division  of  the  Lackawanna  R.  R.*    (14)    Serial 

beginning  Nov.  18. 
The  Steel  Construction  in  the  Wabash  Terminal  at  Pittsburg.*    (14)  Nov.  IS. 
Public  Tests  of  the  New  York  Central  Electric  Locomotive.*    U6 )  Nov.  12;  (13)  Nov.  17; 

(ao)  Nov.  17;  (15)  Nov.  18;  (40)  Nov.  18;  (14)  Nov.  19;  (ayj  Nov.  19;  (17)  Nov.  19; 

(18)  Nov.  19;  (25)  Dec;  (7a)  Nov. 
The  MOrren  Cable  Railroad  in  the  Swiss  Alps.    (46)  Nov.  12. 
RaU  Lock  for  Diawbrldges.  L.  S.  &  M.  S.  Ry.*    (18)  Nov.  12. 
Baldwin  Four-Cvlinder  Balanced  Compound  Locomotive.*    W.  J.  McCarroll.    (Paper 

read  before  the  Traveling  Engineers^  AssocO    (18)  Nov.  12. 
Steel  Castings.    W.  A.  Herron.    (Abstract  of  Paper  presented  before  the  Ry.  Club  of 

Pittsburg.)    (18)  Nov.  12. 
How  to  Maintain  Surface,  Line  and  Gage.    (Committee  Rept.  to  the  Roadmasters  and 

M.  of  W.  Assoc.)    (13)  Nov.  18. 
Bay  Shore  Cut-Off  of  the  Southern  Pacific*    ( 15 )  Nov.  18. 
Chicago,  Burlington  &  Quincy  Line  Revision.*    (40)  Nov.  18. 
Safety  Appliances  and  Block  Bienals:  Proposed  Bill  Requiring  Use  of  the  Block  System. 

(Rept.  of  Committee  to  the  National  Assoc,  of  Ry.  Commissioners.)    (40)  Nov.  18. 
The  Shops  of  the  Locomotive  &  Machine  Company  of  Montreal*    (40)  Nov.  18;  (as)  Dec. 
Tidewater  Terminal  of  the  Western  Maryland  at  Baltimore.*    (13)  Nov.  18. 
Eight-Coupled  Locomotive  for  Gkxxls  Traffic:  Great  Central  Railway.*    (11)  Nov.  18. 
Experiments  with  Manganese  Frogs  in  the  Broad  Street  Terminal,  Philadelphia.*    (17) 

Nov.  19. 
Boiler  Troubles  on  Large  Locomotives.    Harry  Bently.    (Paper  presented  before  the 

Iowa  Ry.  Club.)    ( i|)  Nov.  19. 
(3erman  Four-Cylbider  Balanced  Compound  Locomotive,  with  Superheater,  at  the  St. 

Louis  Exhibition.*    (13)  Nov.  24. 
Comparative  Cost  of  Fast  and  Sk)w  Freight  Service.*   W.  B.  Poland.    (From  BtUletin 

No.  56  of  the  Amer.  Ry.  Eng.  and  M.  of  W.  Assoc.)    (15)  Nov.  26;i(40)!Nov.  26;  (18) 

Nov.  26;  (i3>  Dec.  1. 
Steel  Cars.    J.  F.  MacEnulty.    (Abstract  of  Paper  read  before  the  New  England  R.  R. 

Club.)    (15)  Nov.  26. 
Improvements  at  the  Spencer  Shops  of  the  Southern  Railway.*    (13)  Nov.  26. 
The  Grand  Trunk  Pacific.    W.  L.  Mackenzie  King.    (From  the  Quarterly  Journal  of 

Economics.)    (15)  Nov.  2S. 
Passenger  Stations  of  the  Duluth,  South  Shore  A  Atlantic*    ( 13)  Nov.  26. 
The  New  Haven's  Merchants'  Limited  Train.*    (40)  Nov.  25. 
Standard  Locomotives  for  the  Southern  Pacific*    (40)  Nov.  26. 
New  Locomotive,  L.  S.  &  M.  S.  Ry.*    (18}  Nov.  28. 
Draft  in  Ash  Pans.*    (Committee  Rept.  presented  before  the  North- West  Ry.  Club.) 

(18)  Nov.  90. 

*  Illustrated. 
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RallroMi-  (Continued) . 

The  RallwayR  of  Natal:  Their  Characteristics,  Trains  and  Train  Service.*   J.  F.  Qftims. 

(lo)  Dec. 
Freight  Locomotives  with  Superheaters  2-6-0  Type:  The  Canadian  Faclflc  Railway.* 

(J5)  I>«c. 
The  Actual  Building  of  a  Chinese  Railway.*    Justin  Bums.    (9)  Dec 
Systematization  and  Tool-Room  Practice  in  a  Railway  Repair  Shop.    R.  Emerson.    (9) 

Dec. 
Powerful  Prairie  Type  Locomotive:  Lake  Shore  &  Michigan  Southern  Railway.*    tag) 

Dec. 
Instructive  Tests  of  a  Baldwin  Balanced  Compound  Locomotive:  Burlington  &  Missouri 

River  Railroad.    (35)  Dec. 
Vaudaln  Four-Cylinder  Balanced  Compound  Locomotive:  4-6-0  Tj-pe:  New  York,  New 

Haven  &  Hartford  Railway.*    (25)  Dec. 
Boiler  Repairs  with  Treated  Water:  Records  from  Chicago  &  North  Western  Railway. 

(ax)  Dec. 
The  Old  Monroe-Mexico  Branch  of  the  Burlington.*    A.  W.  Newton.    (15)  Dec.  2. 
Norfolk  &  Western  Station  at  Roanoke.*    1 1«)  Dec.  2. 

Class  ''  K''  Prairie  Locomotive  for  the  Lake  Sbcre.*    (40)  Dec.  8;  (15)  Dec.  S. 
Tie  Timher  and  Spikes  in  Argentine  Republic.    ( ig)  Dec.  2. 
Consolidation  Locomotive,  Buffalo,  Rochester  &  Pittsburg  Ry.*    (18)  Dec.  8. 
Angus  Locomotive  and  Car  Shops,  Montreal:  Canadian  Pacific  RaUway.    (25)  Serial 

oeginning  Dec.:  (40)  Serial  beiginnlng  Dec.  9. 
The  Northern  Pacific  Mikado  Locomotive.*    (40)  Dec.  9. 
Signals  at  St.  Louis  Union  Station.*    ( 15)  Dec.  9. 
A  Concrete  Wall  Eleven  Tears  Old.*    (15)  Dec.  9. 
The  Block  System  on  the  Vandalla  Line.    John  L.  Davis.    (Abstract  of  Address  before 

the  St.  Louis  Ry.  Club.)    (15)  Dec.  9. 
Electrification  of  the  North-Eastem  Railroad  of  Great  Britain.*    (19)  Dec.  10. 
The  Foundations  for  the  Tonkers  Power  House  of  the  New  York  Central  &  Hudson 

River  R.  R.:  The  Present  Stage  of  One  of  the  Two  Stations  to  Furnish  Electricity 

for  Handling  the  CentraPs  Train  Service  near  New  York.*    (14)  Dec.  10. 
Les  Grandes  Vitesses  et  les  Chemlns  de  Fer.*    M.  Von  Berries.    (Tr.  from  ZeiUrhrift 

desVereinesdeutscherlngenieure.)    (38)  Nov. 
Note  sur  la  Nouvelle  Gare  de  Salnt-Omer.*    M.  H.  Le  Goaster.    (38)  Nov. 
Le  Chemin  de  Fer  et  le  Port  de  Narvik  (Norvdge).*    Charles  Delgobe.    (33)  Nov.  6. 
Le  Chemin  de  Fer  de  Chamonix.*    F.  Lopp6.    (36)  Serial  beginning  Nov.  10. 
Tunnels  Sous-Marins  du  Rapid  Transit  Kailroad  entre  New  York  et  Brooklyn.*    (33) 

Nov.  19. 
Voiture  Automotrice  P6trol6o-filectrique  du  North  Eastern  Railway.*    (33)  Nov.  88. 

RallroMl,  Street. 

Raworth*s  System  of  Automatic  Regenerative  Control  for  Electric  Traction.    John  I. 

Hall.    (Abstract  of  Paper  read  before  the  Tramways  and  Light  Rys.  Assoc.)    (73) 

Oct.  28.  , 

Sterling,  Dixon  A  Eastern  Electric  Railway.*    (72)  Nov. 
The  St.  Gall-Speicher-Trogen  Electric  Railway.*    8.  Herzog.    (7a)  Nov. 
Piping  and  Power  Station  Systems.    William  L.  Morris.    (7a)  Serial  beginning  Nov. 
Piping  Diagrams.    (7a)  Serial  beginning  Nov. 
Double  Deck  Cars  with  Covered  Tops:  A  Review  of  Current  British  Practice.*    (7a) 

Nov. 
Discussion  at  St  Louis,  Sept.  14,  1904,  on  "  Different  Methods  and  Systems  of  Using 

Alternating  Current  In  Electric  Railway  Motors.''*    (49)  Nov. 
Automatic  Signals  for  Electric  Tramways.*    (ai )  Nov. 
Railway  Motors  for  Single-Phase  Alternating  Current.*    Hans  Behn-Eschenburg.    (ii> 

Nov.  4. 
Notes  on  Permanent  Way  for  Tramways.    A.  N.  Connett.    (Abstract  of  Paper  read 

before  the  Tramways  and  Light  Rys.  Assoc.)    (73)  Nov.  4;  (17)  Nov.  86. 
The  New  York  Subway  Under  the  East  River.*    (ao)  Nov.  10. 
TheToku  Metropolitan  Railway.*    (11)  Nov.  11 
Steam  Motor  Coach.*    (u)  Nov.  11. 
Wakefield  and  District  Light  Railways.*    ( 1  a  >  Nov.  1 1 . 

The  Economics  of  Electric  Tramways  in  Britain.*    Robert  H.  Smith,    (la)  Nov.  11. 
The  Stalybridge,  Hyde,  Mossley  and  Duklnfleld  Tramways  and  Electricity  Board's 

Scheme  *    (a6)  Nov.  11. 
Average  Speeds  and  Speed  Allowances.    A.  R.  Feamley.    (Abstract  of  Paper  read  be- 
fore the  Assoc,  of  Tramway  and  Light  Ry.  Officials. )    Tad)  Nov.  11 . 
The  Signal  System  on  the  Subway  Division,  Interborough  Rapid  Transit  Co.,  New 

York.*    (14)  Nov.  12. 
Do  the  Rails  of  Electric  Street  Railwasrs  Return  the  Current  to  the  Generating  Station, 

or  Simoly  Act  as  a  Ground?    Emile  Guarini.    (19)  Nov.  12. 
Indianapolis  Traction  Terminal  Building.*    (17)  Nov.  18. 
New  Car  House  and  Repair  Shop  at  Dubuque,  Iowa.*    (17)  Nov.  18. 
Field  Notes  00  the  Electric  Railway  Tests*    (17)  Nov.  18. 
The  Electrical  Equipment  of  the  Karawanken  Tunnel.*    (a7)  Nov.  18. 


*  lUustrated. 
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Railroad,  Stre«t— (Continued). 

Details  of  the  Weetinxhouse  Single-Phase  Electric  Railway  System.*    (37)  Nov.  12. 
The  Single-Phase  RaUway  Motor.    A.  S.  McAllister.    (Abstract  of  Lecture  before  the 

New  York  Elec.  Soc.)    (17)  Nov.  12;  (37)  Nov.  12;   Abstract  of  Discussion  (37) 

Nov.  19;  (17)  NOV.2C. 
Concerning  Noise  in  the  Operation  of  Elevated  Railways.*    (13)  Nov.  17. 
Permanent  Way  for  Tramways.*    Chas.  T.  Taylor.    (Paper  read  before  the  Rugby 

Eng.  Soc.)    (47)  Nov.  19;  Abstract  (73)  Nov.  18. 
The  Radcllfle  U.  b.  C.  Electricity  Works.*    (a6)  Nov.  18. 
A  Concrete-Steel  Hot  Well.*    (14)  Nov.  19. 
Roots*  RaUway  Motor-Car.*    (47)  Nov.  19. 
Electrifying  the  New  Williamsburg  Bridge.*    (17)  Nov.  19. 
Converting  Summer  to  Winter  Cars  in  Clevelana.*    ( 17 )  Nov.  19. 
Gears  and  Ifotor  Lubrication  in  Providence.*    (17)  Nov.  19. 
The  Operative  Exhibits  of  the  Weetinghouse  Tnetion  Brake  Company  at  Louisiana 

Purchase  Exposition.*    (17)  Nov.  19. 
AU-Steel  Car  for  the  Metropolitan  Elevated,  Chicago.*    ^17)  Nov.  26. 
The  Cleveland  &  South  Western  Traction  Company's  Unique  Line  Car.*  (17)  Nov.  26. 
The  Railway  Between  Aberdeen  and  Hogulam,  Washington.*    (17)  Nov.  26. 
The  Autographic  Test  Car.*    Albert  B.  Herrick.    (17  iNov.  26. 
An  Economical  Power  Plant  at  Lima,  Ohio.*    Frank  B.  Rae.  (17)  Nov.  26. 
Traction  Systems  of  Paris.*    Paul  Dubois.    (97)  Nov.  26. 
The  Winter-Elchberg  Single -Phase  Railway  System.    (37)  Nov.  26. 
_-.....    ^  ■    -^    '  ~  ■  ~      ■         -    •      "^pookly     "^     •• 


The  Parkville  Concrete-Steel  Sub-Station  of  the  Brooklyn  Rapid  Transit  Co.*    (14) 

Nov.  26. 
The  Wellington,  N.  Z^  Tramways.*    (17)  Dec.  8. 
Train  Resistance.*    W.  J.  Davis,  Jr.    ( 17)  Dec.  8. 
Car  Wheels.    A.  N.  Banister.    (Abstract  of  Paper  read  before  the  Assoc,  of  Tramway 

and  Light  Ry.  Officials.)    (17)  Dec.  8. 
The  Scioto  Valley  Traction  Company.*    (17)  Dec.  8;  (14)  Dec.  8. 

The  Car  House  of  the  Subway  Division,  Interborough  icapld  Transit  Co.*  (14)    Dec.  8. 
The  Leeds,  Wakefield  and  West  Riding  Tramways.*    (73*  Nov.  11;  (jy)  Dec.  8. 
Meohank»l  Features  of  the  Twin  City  Rapid  Iransit  Company's  New  Power  Plant.* 

Howard  S.  Knowlton.    (14)  Dec.  10. 
Electric  Railways  at  Green  Bay,  Wis.*    (17)  Dec.  10. 

Division  Terminal  Improvements  in  New  Jersey:  New  Shop  Methods.*  (17)  Dec.  10. 
The  1  400- Volt  Direct-Current  RaQway  between  Tabor  and  Bechyne,  Bohemia.*    (17) 

Dec.  10. 
Pneumatic  Sanders.*    (17)  Dec.  10. 
Des  Conditions  de  la  Traction  Electrique  sur  les  Chemlns  de  Fer  Metropolitains  et  des 

Svstdmes  Dits  &  Unitds  Multiples.*    Maurice  Soubrier.    (36)  Serial  oeginning  Nov. 

Sanitary. 

The  Cleaning  and  Flushing  of  Sdwers:  Discussion  by  the  Sanitary  Section  of  the  Boston 

Society  of  Civil  Engineers.*    (i)  Oct. 
The  Dispotial  of  Municipal  Refuse.    F.  K.  Rhines.    ( 1 )  Oct. 
Some  Examples  of  Recent  Main  Sewer  Construction  by  the  City  of  Philadelphia.*    C. 

H.  Ott.    (J)  Oct. 
Tht*  AV  .!  i  nr   <t  Pubhr  HmHinwy  hy  rnp  ^^arm-Alr  System  Considered  from  a  Hy- 

^i   ^  '    'r  ■■■■'       ^  ^  w.    il   H.QruDtLy.    (Paper  read  before  the  British  Inst,  of  Heat. 

HU--  •-■■■■<:    :    ,.    •   1    (70'  Nov. 
Hot  AS  jtr^  I  f{<  iiiik'  Sv>tr  ritjq  witli  Act^plemted  Circulation  (Theory  and  Discussion).* 

A  tlf^kMiiK' ">>  ^t' III  'H[h  <  % i^n^lmctloQ  L'etiii 1 4,  Hlustrated  and  Explained.*    J.  P.2Li8k. 

<  70  J  rkrinl  iM'pLiJiiiii^r  NriV, 
TfciH  l4-wiiffe  T^^sMnj^  Htrttiinj  at  Columbus,  Olito.*    John  H.  Gregory.    (14)  Nov.  19. 
The  Shout*  .Sjsteri]  of  run  Vi^ut  llation  of  S^tHisrs  at  Darley  Abbey  and  at  Leicester,  ^ng- 

\&UiL    1 1J3  Nov.  'Mr 
B^wtkge  DiapoMLt  KiEperimptit*  at  HanleyT  Eti^iand.    (14)  Nov.  96. 
Concrete  for  Brooklyn  Sewji?rs.    J.  C.  Brnekt^aridge,  M.  Am.  Soc.  C.  E.    (i4)^Nov.  26. 
Central StAt Ion  Hi^atlng,    W.  H.  Schotf.    ^60)  Dee. 
T'xAvi  Vt^i^  iuCleEinmii^Sewen!..^    Eea.  E.  Qdggs.    (60)  Dec. 

The  St^am  Turbine  in  fi  Rihf qjs*?  DwtrtJctiuti  Plant.    Alfred  Gradenwltz.    (60)  Dec. 
SewARf  PiirincatloQ  Works  for  Small  Populations.    A.  J.  Martin.    (From  The  Public 

Ht^alth   KiiQin^ei.)     (13)  T>^'.  1. 
Sewer  Siphonii  lu  Brooklyn,  N.  Y*    it4\  Dei.'.  8. 
The   CombUivcj    LiRhtid^  unfj  Ht^tiTig  Plant  of  the  Columbus,  Ohio,  Public  Service 

Com|H*ny.*    ^jjj  Dee^  8. 
The  Septic  Tnnks  at  C}pwti>tlwirn.  N,  C     W.  \\.  Potter.    (14)  Dec.  10. 

Stmcturai. 

Fireproof  Floor  Construction.*    J.  T.  Montgomery.    (4)  Oct. 
Standard  Floor  Arch  Construction.*    E.  V.  Johnson.    (4)  Oct. 

A  Rapid  Method  for  the  Determination  of  Lime  in  Cement.    Bernard  Enright.    (Paper 
read  before  the  Amer.  Chem.  Soc.)    (67)  Oct. 

*  Illustrated. 


OUBRBMT  ENGIKBEBING  LITBBATURB.  515 

Stractaral— (Coot  Inned) . 

Indentation  Tents  on  Steel.*    (la)  Oct.  88. 

Tensile  Impact  Testa  of  Metals.*    W.  Kendrick  Hatt.    (Paper  presented  before  the 

Amer.  8oc.  for  Testtnii:  Uateriala)    (47)  Serial  beginning  Oct.  89. 
Beinforced  Concrete  Construction.*    John  O.  De  Wolf.    (73)  Not. 
The  Cement  Exhibits  at  the  St.  Louis  Exhibition.*    (13)  Hot.  10. 
Use  of  Steel  In  Modem  Buildings.    John  Ctoodman,  M.  Inst.  C.  E.    (Lecture  delivered 

before  the  Bradford  Engineering  Soc.)    (47)  Nov.  18. 
A  New  Flooring  Material.    ( 10)  Nov.  19. 
The  Erection  of  the  New  York  Public  Libranr.*    (14)  Nov.  18. 
Two  New  Timber  Preservation  Processes  at  the  St.  Louis  Exhibition.*    (13)  Nov.  17. 
A  Concrete-  Steel  Hot  Well.*    (14)  Nov.  19. 
Moving  and  Erecting  Larse  Granite  Columns.*    (i4>  Nov.  19. 
The  Steel  Framing  01  the  Mew  Amsterdam  Theatre,  New  York.*    (14)  Serial  beginning 

Nov.  19. 
Concealed  Underpinning  for  a  New  York  Beeidence.*    ( 14)  Nov.  80. 
A  Fire  Test  of  a  Concrete  Floor.*    Ira  W.  Woolson.    (14)  Nov.  86. 
Steel  Concrete  Chimneys.*    (64)  Dec. 
Natural  Hydraulic  Cements.    £.  C.  Eckel.    (60)  Dec. 
Strength  of  Reinforced  Concrete  Beams.    (60)  Dec. 

Load  Test  of  a  66-ft.  Reinforced  Concrete  Girder,  Cleveland,  O.*    (13)  Dec.  1. 
The  Erection  of  the  Trinity  Building,  New  York.*    (14)  Dec.  8. 
Bebuildlng  the  Campanfle  of  Venice.*    (14)  Dec.  8. 
The  Works  of  the  Power  and  Mining  Machinery  Co.*    (14)  Dec.  8. 
Six  Story  Reinforced- Concrete  Factory  Building  in  Brooklyn.*    (14}    Dec.  10. 
The  Constitution  of  Portland  Cement  from  a  Physioo-Chemical  Standpoint.    Clifford 

BIchardaon.    (Address  before  the  Assoc,  of  Portland  Cement  Manufacturers.)     (10) 

Serial  beginnhig  Dec.  10.  ^  ^^ 

Le  Platre.*    J.  Malette.    (36)  Oct.  86. 
Note  sur  un  Proc6d6  Graphique  pour  Determiner  la  Pression  Maxima  &  la  Base  d^un 

Mur.*    P.  Busset-SchJUer.    (36)  Oct.  86. 
Le  Lidge  AggIom6r6  dans  la  Construction.    M.  Boulat.    (36)  Oct  86. 
Cbemindes  iSrUsines  en  Ciment  Arm6.*    (35)  Nov. 
Experiences  et  Theories  de  M.  C.  Bichardson  sur  la  Constitution  du  Ciment  de  Portland. 

E.  Lemaire.    (33)  Nov.  19. 
£tude  sur  les  Materiaux  B6fractaires.    Marie- Auguste  Morel.    (36)  Nov.  86. 

Topographical. 

How  the  Massachusetts  Northern  Boundary  was  Bun  Without  Bandom  Lines.    N. 
SpoCTord.    (14)  Dec.  10. 

Water  Supply. 

The  Forms  of  Turbines  most  suitable  for  Low  Falls.*    Alphonse  Steiger,  M.  Inst.  C.  E 

(63>  Vol.167. 
Methods  for  the  Bemoval  of  Incrustation  in  Water-Mains:  with  a  Description  of  the 

Automatic   Machine   Employed  in  the  Melbourne  Water-Supply.*    Edgar  Qowar 

BItchle.    (63)  Vol.  167.  ^ 

Irrigation  In  the  Native  Beserves  of  the  Colony  of  Natal.*    Albert  James  Humby. 

M.  Inst.  C.  E.    (6^)  Vol.  167.  '' 

Thawinflr  Services  and  Mains  by  Electricity.    J.  M.  Diven.    (Paper  read  before  the  Amer. 

Water  Works  Assoc.)    (70)  Nov. 
The  Odessa  Water  Works.*    ( 1 1 )  Nov.  4. 

The  (Governing  of  Impulse  Water- Wheels.*    John  Goodman,  M.  Inst.  C.  E.    (11)  Nov.  4. 
The  Prevention  of  Lead  Poisoning  from  Water  Service  Pipes  at  Teplitz-SchOnau, 

Bohemia,    (la)  Nov.  10. 
Experiments  ana  Formula  for  the  Efficiency  of  Tangential  Water- Wheels.*  .  B.  F. 

Groat.    (13)  Nov.  10. 
Hydraulic  Relief  Valves  for  Water- Wheel  Penstocks.*    (13)  Nov.  10;  (37)  Nov.  18. 
The  Coolgardle  Water  Works.*    (19)  Nov.  18. 
The  Mechanical  Filters  of  tbe  Uackensack  Water  Company.*    (14)  Serial  beginning 

Nov.  18. 
The  Million-Gallon  Water  Tower  of  the  East  Providence  Water  Co.*    (14)  Nov.  18. 
The  Failure  of  a  SnuUl  Brick  Reservoir  at  Winston,  N.  C.    J.  L.  Ludlow,  M.  Am.  Soc. 

C.  E.    (13)  Nov.  17. 
Tables  for  Computing  Compound  Duplex  Steam  Pumps.    C.  J.  Mitchell.    (13)  Nov.  17. 
Extension  of  Dam  and  Paving  of  River  Bank  at  Des  Moines,  la.*    C.  B.  Burdick.    (13) 

Nov.  17. 
Electrolytic  Corrosion  of  Water  Pipes  at  Bayonne,  N.  J.*    (13)  Nov.  17. 
Pumping  Plant  at  Chatham  Dockyard.*    ( la)  Nov.  18. 
Repairing  the  liining  of  a  Small  Reservoir  at  Chelsea,  Mass.*    (14)  Nov.  19. 
High  Duty  from  a  Direct  Acting  Pumping  Engine  Without  Flywheel  or  High-Duty 

Attachment.*    (13)  Nov.  84. 
Data  in  Regard  to  the  Present  Low  Water  Period  in  the  Southeastern  States.    M.  R. 

Hall.    (13)  Nov.  84. 
The  Prpgresmve  Sinking  of  the  Ground  Water  Level  and  Artificial  Ground  Water  Sup- 
plies.*   J.  Gustav  Rlchert.    (13)  Nov.  24. 

*  Illustrated. 


CURRENT  ENOIKEERIKG  LITERATURE.  517 

Water  Su|n;»ly— (Contimied). 

Electric  Power  AloDK  Niagara  Frontier.*    (27)  Not.  96. 

Test  of  a  Pumping  Ifiigine  of  the  Odessa  Water  Works.    (14)  Nov.  96. 

Current  Wheels  for  Rafsiiiir  Water.    (14)  Not.  96. 

The  New  High  Serriee  ReserToir  at  Holyoke.''    (14)  Not.  96. 

Calculating  Diagram  for  Capacities  of  l^ftnks,  etc.^  E.  C.  De  Wolfe.    (64)  Dec. 

QualitatlTe  Testing  of  Feed  water.    Wm.  H.  Jenkins.*    (64)  Dec. 

The  Commercial  DeTelopment  of  Water  Power.    Alton  D.  Adams.    (10)  Dec 

The  Philadelphia  Filtration  System:  (Torresdale  Tunnel  Conduit.)    ( 13)  Dee.  1. 

A  Stand  Pipe  FaUureat  Sanford,  Me.  Charles  W.  Sherman,  M.  Am.  Soc.  C.  E.  ( 13)  I>ec.  1. 

The  Cost  of  One  and  A  Half  Miles  of  6>in.  Water  Pipe.    Edward  U.  Cowan.    (13)  Dec  1. 

Niagara  Power  in  BuflTalo.    (ay)    Berlalbeffinning  Dec  8. 

Superstructureson  the  Weston  Aqueduct  of  the  Metropolitan  Water-Works.*  (14)  Deo.  8. 

Current  Wheels:  Their  Use  in  Lif  dug  Water  for  IrrigaOon.*  (19)  Serial  beginning  Dec.  8. 

A  Low  Concrete  Dam  at  Manchester,  la.*    ( 14 )  Dec.  8. 

A  Concrete-Steel  Dam  at  DanTllle,  Ky.*    ( 14 )  Dec  8. 

Failure  of  a  Reserrolr  Bottom  at  Red  Wing,  Minn.*    F.  H.  Bass.    (13)  I>ec  8. 

"    "  '"         "    '    ^ («r 


Notes  on  the  Compulation  of  Stream  Qaginss.*  O.  V.  P.  Stout.    (Paper  prepared  for 

the  National  Irrigation  Cong. )    (13)  Dec/8- 
TraTauz   d^Installauon  de  rUsiiie  Bydro-Electrique  de  la  Compagnle  Toronto  and 


Niagara  Power.    133)  Oct.  99.  _ 

Itres  4  Sable  de  la  VUle  de  ProTidence  ( Atats-Unis).*    Paul  Ra«)us.    (33)  - 
line  Hydro-Blectrique  du  Boumillon  (Isdre}  .NouTcau  R6gulateur  de  Vj 

Turbuiea.*   Ch.  Dantin.    (33)  Nor.  96 


The  Tonnage-Laws  and  the  Assessment  of  Harbour-Dues  and  Charges.    Henry  Hartley 
—estTM.  Inst.  C.  E.    (63)  Vol.  157. 

imrao  CanaL*    Arthur  HUI.    (63)  Vol.  iST. 

The  Steam  Dredger  Fulean.*    (la)  Oct.  98. 


The  Projected  New  Canal  from  the  BiTer  Rhine  to  the  City  of  EbmoTer.*    (aa)  Nor.  4. 
Prelimhiary  Engineering  Work  on  the  New  York  Barge  Canal  Improrements.    (14) 

Not.  19. 
Tidewater  Terminal  of  the  Western  Maryland  at  Baltimore.*    (13)  Not.  18. 
A  Small  Sea  Wall  and  Breakwater.*    (14)  Not.  19. 

Debris-Restraining  Barriers  of  the  Yuba  RlTer.*    Wm.  W.  Harto.    (19)  Not.  19. 
The  Charles  RiTer  Dam  and  Lock  at  Boston.*   John  N.  Ferguson.    ( 14}  Nor.  96 
Proposed  Cofferdam  for  Raising  the  Battleship  Maine.*    (13)  Dec  8. 
Les  Prinoipaux  Ports  de  la  Manche  SerTant  au  Transit  Entre  la  France  et  TAngleterre 

R.  Bonnin.    (3^)  Serial  beginning  Oct.  95. 

*IUustratedl  ~~~ 


Vol.  XXX.  DECEMBER,  1904.  No.  ». 


AMESIOAN  SOOIETT  OF  CIVIL  ENGINEEBS. 

INSTITUTED    1862. 


PAPERS  AND  DISCUSSIONS. 

This  Society  Is  not  responsible,  as  a  body,  for  the  facte  and  opinions  advanced 
in  any  of  its  publications. 


CONTENTS. 
Papers:  Pace*. 

Methods  of  Location  on  the  Choctaw,  Oklahoma  and  Qulf  Railroad. 

By  F.  Lavis,  Assoc.  M.  An.  Soc.  C.  E 8M 

Maximum  Rates  of  Rainfall  at  Boston. 

By  Chabubs  W.  Shtomam,  M.  Am.  Soc.  C.  E 80d< 


A  Rational  Form  of  Stlif  ened  Suspension  Bridge. 

By  C.  C.  ScHKiiDER,  M.  Am.  Soc.  C.  E 90T 

Probable  Wind  Pressure  Inyolved  in  the  Wreck  of  the  High  Brdge  over  the 
Mississippi  River,  on  Smith  Avenue,  St.  Paul,  Minn.,  August  80th,  ltM4. 
By  Mmbsbs.  TflCODORK  Cooper  and  Qkobos  E.  Giword 91t 

The  Structural  Design  of  Buildings. 

By   MsBSBS.   L.  J.  Johitson,   H.  P.  Macdonald,  E.  P.  Goodrich,  M.  S. 

KxTCHUM,  G.  H.  Blakblst,  John  B.  Clsrmomt  and  Oscar  Lowimson.  . . .     91^ 


PLATES. 

Facsimile  of  6  000-f t.  map  on  Choctaw,  Oklahoma  and  Gulf 

Railroad 88^ 

Final  Location  Map,  Choctaw,  Oklahoma  and  Gulf  Railroad. . .  89) 
Profile  of  Final  Location,    Choctaw,   Oklahoma  and  Gulf 

Railroad 8». 

Diagram  Showing  Relation  between  Intensity  and  Duration  of 

RaLfaU Wa 

Comparison  of  Curv^,  Showing  Relation  between  Intensity 

and  Duration  of  Rainfall 00& 

Photographs  Illustrating  Experiments  on  the  Weight  of  Crowds.  017 
Photographs  Illustrating  Experiments  on  the  Weight  of  Crowds.     91tt> 


Fuite  XLVin. 

Plate 
Plate 

XLIX. 
L. 

Plate 

LI. 

Plate 

LH. 

Plate 
Plate 

Lin. 

LIV. 

Vol.  XXX.  DECEMBER,  1004.  No.  lO. 


AMEBIOAir  S0GIET7  OF  CIVIL  ENaiNEEBS. 

INSTITUTED    1858. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  resiwnsible,  as  a  body,  for  the  facts  and  opinions  advanced  in  any  of 

its  publicationa. 


METHODS    OF    LOCATION    ON    THE    CHOCTAW, 
OKLAHOMA  AND  GULF  RAILROAD. 
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To  BB  Pbbsented  Januabt  4th,  1905. 


There  has  been  mnch  written  on  the  theory  of  railroad  location, 
bnt  the  writer  recalls  little  on  the  actual  practice  and  modem  methods 
of  procedure  in  the  field,  and  while  he  feels  that  there  are  many 
engineers  far  better  qualified  than  he  is  to  take  up  the  subject,  the 
fact  remains  that  they  have  not  done  so,  and  there  is  little  public  rec- 
ord of  current  practice.  It  is  hoped  that  this  paper  will  evoke  some 
discussion,  which  will  cover  the  subject  from  the  many  di£ferent 
standpoints  and  form  a  basis  for  more  uniform  methods. 

The  writer  has  been  connected  with  surveys  for  the  location  of 

railroads  in  many  parts  of  the  United  States  and  in  South  and  Central 

America,  during  the  past  fifteen  years,  and  has  been  impressed  by 

the  wide  variation  in  methods  adopted  by  different  men  and  railroad 

companies,  and,  to  a  great  extent,  by  their  general  assurance  that  the 

methods  of  each  were  right,  and,  having  had  all  kinds  of  assistance 

and  equipment,  from  almost  nothing  up,  was,  therefore,  all  the  more 

NoTK.— These  papers  are  issued  before  the  date  set  for  presentation  and  discundon. 
Correspondence  is  tnvited  from  those  w  ho  cannot  be  present  at  the  meettng,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers,  with  discussion 
in  full,  will  be  published  in  Transactions. 
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ready  to  appreciate  the  oonditions  nnder  which  the  Buryeys  were 
conducted  which  form  the  basis  of  this  paper. 

Dnring  1902  the  writer  was  engaged  in  making  location  finrveys  for 
the  Choctaw,  Oklahoma  and  Gnlf  Railroad  (now  part  of  the  Bock 
Island  System)  in  Oklahoma,  Indian  Territory  and  Northern  Texas. 
F,  A.  Molitor,  M.  Am.  Soc.  C.  E:,  was  Chief  Engineer,  and  E.  J. 
Beard,  M.  Am.  Soc.  C.  E.,  Principal  Assistant  Engineer,  and  to  them 
the  writer  is  largely  indebted  for  much  of  the  matter  contained  in  this 
paper. 

Many  different  lines  were  investigated,  and,  between  1898  and  1902, 
some  800  miles  of  branches  and  extensions  of  this  road  we^e  built, 
scattered  through  five  different  states  and  territories.  At  times  as 
many  as  ten  or  more  locating  parties  were  in  the  field  at  the  same 
time;  the  methods  adopted,  therefore,  were  such  as  were  adapted  to 
maintaining  parties  in  the  field  continuously. 

The  writer  has  confined  himself  entirely  to  the  methods  of  making 
surveys,  and  the  organization  and  equipment  of  parties,  as  practiced 
generally  on  this  road,  with  whatever  added  notes  from  his  own  ex- 
perience he  has  thought  useful,  and  has  not  attempted  to  consider  in 
any  way  the  theory  of  railroad  location. 

It  is  obvious,  of  course,  that  the  equipment  of  field  parties  must 
vary  with  the  locality  in  which  they  are  engaged.  It  is  the  general 
practice,  however,  except  in  a  very  few  of  the  Northeastern  States,  to 
provide  the  parties  with  a  camp  outfit  more  or  less  complete,  accord- 
ing to  the  policy  of  the  road,  its  financial  status,  and  the  facilities 
of  transport.  It  is  the  writer *s  experience  that  the  completeness  of 
the  survey  is  very  apt  to  vary  directly  with  the  completeness  of  the 
outfit  supplied  by  the  railroad,  and  he  has,  therefore,  entered  more  or 
less  minutely  into  details  of  camp  equipment;  for,  although  this  has 
been  noticed  elsewhere,  particularly  in  ''Rules  for  Locating  Engineers 
on  the  Northern  Pacific  Bailroad,"  by  E.  H.  McHenry,  M.  Am.  Soc. 
C.  E.,  the  practice  varies  considerably. 

The  following  is  a  list  of  the  camp  equipment  furnished  by  the 

Choctaw,  Oklahoma  and  Gulf  Railroad: 

i  Office  tent  with  fly 14  by  16  ft.  ^  dozen  camp  chairs. 

8  Tents 14  by  16  ft.  Stationery  and  map  chest  with  necessary 

1  Cook  tent 16  by  20  ft  stationery,    blank    forms,    drawing 

8  Drafting  and  office  tables.  paper,  etc. 
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Dnmro  Table: 


8  dosen  agate  ware  dinner  platfOB. 


8 

"        "                cupa. 

8 

"        "               saucers. 

H 

steel  knives. 

«» 

"    forkB. 

8* 

German  stiver  teaspoons. 

U 

"     dessertspoons. 

1 

"     tablespoons. 

« 

tin  salt  boxes.    • 

I  dosen  tin  pepper  boxes. 

I      '^     round  agate  ware  pans,  9  qt. 

X       it  ti        ti        it       »k      1^  t( 

1       "  "        "        •»       "     ipt. 

1  earring  knife  and  fork. 

7  yds.  oUcloth,  48  in.  wide. 

8  standard  trestles  (see  sketch,  Fig.  8). 
6  boards,  18  by  1^  in.  by  18  ft.  (dressed). 


CooKDre  Utxvsils: 


1  No.  8,  8-hole,  wrought-iron  range. 

1  tea-kettle. 

1  lai^ge  cast-iron  pot. 


8  large  frying  pans. 
1  small      "     pan. 
8  griddles. 

4  tin  pans  with  covers,  1  gal.  each. 
Sstewpans. 
1  8-gal.  coffee-pot 
1  gal.  teapot 
4  dripping-pans. 
6  baking  tins  for  bread. 
18  tin  pie  plates. 
8  butcher  knives. 
1  steel. 

8  large  meat  forks. 
1  chopping-knif e. 


8  large  iron  spoons. 
1  soup-ladle. 


1  cake  turner. 

1  flour  sieve. 

1  colander. 

1 5«al.  tin  dishpan. 

16-gal.  "  bread  pan  with  cover. 

1  chopping-bowl. 

1  bread  board. 

1  roUlng-pin. 

1  biscuit  cutter. 

1  nutmeg  grater. 

1  coffee-mill. 

1  spring  balance. 

8  galvanised-lron  buckets. 

6  tin  dippers  (one  for  each  tent  and  two 

in  cook  tent). 
8  can  openers. 
1  corkscrew. 
1  broom. 

1  scrubbing-brush. 
1  alarm  clock. 
1  table  (same  as  drafting  tables). 


BflSOXLLAVSOUS: 

I  dosen  Diets  lanterns.  4  Sibley  stoves  (4  lengths  of  pipe  with 
8  large  tin  lamps  (central-draft,  round  dampers,  18  lengths  of  plain  pipe) 

wicks).  (see  Fig.  1). 

8  large  galvanised-iron  washtubs.  8  water  kegs,  8  gal.  each. 

1  washboard.  8  washbasins. 


Tools: 


1  grindstone  and  fittings. 

1  monkey  wrench. 

Ipick. 

8  shovels. 

1  short  crowbar. 

1  hand-saw. 

1  cross-cut  saw. 

8  hand-axes. 

LuNOH  Box:*  (Bb 
8  dozen  agate-ware  dinner  plates. 
8     "  "       "     saucers. 

U    "     steel  knives. 
U    "        "     forks. 


4  chopplng-axes. 

I  dozen  axe  handles. 

1  bundle  sail  twine. 

)  dozen  sail  needles. 

1  sail  palm. 

10  lb.  assorted  sizes  wire  nails. 

100  ft  manila  rope,  J-in. 

Skbtoh,  Ffo.  6). 
li^dozen  Ctorman  silver  teaspoons. 
H   "  "  ''     dessertspoons. 

1  8-ga1.  coffee-pot. 


*  On  the  Choctaw,  Oklahoma  and  Oulf  Ballroad,  this  extra  equipment  for  the  lunch 
box  was  not  ordinarily  furnished;  the  writer,  as  explained  later,  believes  it  to  be 
economy,  however,  to  provide  this. 
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Tents. — ^The  tents  furnished  were  of  12- 
oz.  dnok,  roped  on  the  seams  and  ridges 
with  ]>in.  Manila  rope.  They  were  with- 
out ridge  poles,  four  upright  poles  sap- 
porting  the  center,  and  fonr  on  each  side 
supporting  the  walls.  Tackle  was,  also, 
provided,  and  two  single  blocks  on  the 
front  gnj  rope,  there  being  rectangular 
door  flaps  at  each  end,  with  substantial 
leather    buckles     for     fastening     them. 

Leather  stove  pipe  holes  with  asbestos  **" ^ *; 

fllling  between  the  leather  were  provided.  sibley  stove. 

°  *^  No.  18  U.8.8.  \.a06  )Sheet  Steel. 


5  Joints  Stove  Pipe. 

Damper  In  tet  Joint. 

Fio.  1. 


The  office  tent  had  5-ft.  walls;  the  others, 
4-ft. 

The  writer  believes  that,  when  the 
genuine  Mt.  Vernon  army  duck  can  be  obtained,  10-oz.  duck  gives 
practically  as  good  service,  as  far  as  life  is  concerned,  as  12-oz. ;  the 
stiffer  duck,  when  folded,  easily  cuts  and  wears  in  the  creases  when 
carried  in  the  wagons.  In  very  hot  weather,  or  in  a  very  rainy  coun- 
try, a  12-oz.  fly  is  desirable.  In  cold  weather,  with  the  lighter  tents, 
in  sizes  above  14  by  16  ft.,  it  is  difficult  to  heat  a  tent  of  10-oz.  duck 
with  the  ordinary  Sibley  stove,  but,  if  necessary  to  provide  camp 
equipment  in  a  cold  climate,  the  whole  equipment  can  be  kept  down 
to  that  size. 

Drafting  Tables. — The  tops  of  the  drafting  tables  (Fig.  2)  were  of  {-in. 
clear  white  pine,  with  hinged  legs,  connected  by  3-in.  webbing,  ar- 
ranged so  that  the  legs  folded  flat  against  the  tops.  When  moving 
camp,  the  tables  were  placed  face  to  face  and  tied  together,  thus  pre- 
venting injury  to  the  tops. 

Dining  Table. — The  planks  forming  the  top  and  seats  of  the  dining 
table  (Fig.  8)  are  placed  in  the  bottom  of  the  wagon  when  moving 
•camp,  as  they  take  up  very  little  room  in  the  bed  of  the  wagon,  and 
the  projection  of  the  planks  at  the  rear  provides  support  for  the 
stacked  Sibley  stoves  and  other  light  equipment.  The  legs  of  the 
lower  portion  of  the  horses  are  so  spaced  as  to  straddle  the  wagon  and 
drop  down  between  the  bed  and  the  rear  wheels. 

Staiionery  and  Map  Chest. — It  is  important  that  this  chest  (Fig.  4) 
«hould  be  well  and  strongly  made.     The  protection  of  the  maps,  etc., 
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often  the  results  of  the  expenditure  of  thousands  of  dolhas,  should 
not  depend  on  any  cheap  or  temporary  expedient,  as  is  often  the  ease. 
It  is  not  an  nncommon  experience  to  be  canght  in  the  rain  while  mov- 
ing camp,  and  the  best  of  tents  are  not  always  imperrions  to  water. 
It  shonld  be  insisted  npon  that  all  maps,  notebooks,  etc.,  shonld  be 
placed  in  the  chest  over  night.  Necessary  stationery,  drawing  paper, 
supplies,  etc.,  will  vary  with  different  requirements  and  ittdividual 


For  dimfrioff  table  make  lege  8  8 
For  kitchen  and  office  tables 
make  legs  sV''  ^  ^ 


Battens  1  z  8 
stagger  screwed 


DRAWING  TABLE 


Fig.  8. 

preferences.  The  list  given  by  Mr.  McHenry,  in  the  book  referred  to, 
is  quite  complete. 

Lunch  Box, — The  midday  meal  being  eaten  in  the  field,  a  substan- 
tial lunch  box  (Fig.  5)  should  be  provided,  with  a  separate  equip- 
ment of  plates,  knives,  forks,  etc.,  from  that  used  in  camp. 

The  party  should  be  ready  to  start  for  work  immediately  after 
breakfast,  and  should  not  be  kept  waiting  while  the  breakfast  dishes 
are  being  washed  to  go  into  the  lunch  box,  nor  should  they  have  to 
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wait  for  their  sapper,  while  the  dishes  nsed  on  the  line  during  the 
day  are  being  prepared  for  use.  The  Innch  box  can  often,  be  best  de- 
signed in  camp  after  starting,  so  that  it  can  be  made  to  fit  the  supplies 
purchased. 

On  being  organized,  the  party  with  which  the  writer  was  connected 
proceeded  by  rail  to  the  point  nearest  the  proposed  line,  at  which 
place  teams  had  already  been  engaged.  The  cooking  utensils  and  a 
preliminary  bill  of  supplies  had  to  be  purchased,  howeyer,  that  and 
the  loading  of  the  teams  occupying  the  remainder  of  the  day  of 
arrival. 


^^p^ 
^<^** 


Fit  inoribie  and  tenons 
at  both  ends^of  posts  tight 
^ut  do  not  fEHsten,  so  hone 
wQLknock  down. 


2  Seat 


18'ltt'b.D.      - 


DINING  TABLE. 


Fia.  8. 


The  following  day  at  6  a.  m.  the  outfit  was  started.  Most  of  the  men 
walked,  about  one-fourth  of  them  at  a  time  being  allowed  to  ride. 
Thirty  miles  over  poor  roads  were  covered  by  5  p.  m.,  a  camping  place 
was  selected,  tents  put  up  and  the  men  were  eating  supper  by  7  p.  m. 
The  first  stake  was  driven  before  8  a.  m.  the  next  morning,  and  the 
work  fairly  started.  This  is  not  noted  as  an  uncommon  occurrence, 
but  as  representative  practice. 

In  winter  the  men  were  called  by  the  cook  at  6  a.  m.  Breakfast 
was  ready  at  6.30,  and  a  start  was  made  for  the  work  at  7  a.  ic;  in 
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summer,  half  an  hour  earlier.  The  teamsters  were  oalled  and  had 
their  breakfast  half  an  hour  before  the  other  men,  so  that  they 
had  their  teams  hitched  np  and  ready  to  start  as  soon  as  the  men  had 
breakfasted.  Two  teams  were  nsed  on  the  line,  one  staying  with  the 
iiopographers.  The  third  team  was  kept  busy  keeping  np  subsist- 
ence, supplies,  fuel,  etc.  It  has  been  found  more  economical,  and 
^^enerally  as  satisfactory,  to  employ  constantly  only  two  teams  in 


STATIONERY  CHEST 


Provide  Hasp 
SUpIe  mad  Padlock 


Trky  to  be  of  ^  stock  except 
^ftont,  which  will  be  of 
•Ti  stock  bevelled  as  shown 


CROSS  SECTION 


LONGITUDINAL  SECTION 

Fig.  4. 
^settled  country  where  supplies  can  be  easily  obtained,  and  where,  on 
moving  days,  additional  teams  can  be  readily  hired. 

When  moving  camp,  breakfast  was  served  an  hour  earlier  than 
lusual,  the  men  in  each  tent  then  packed  up  their  own  things  and  got 
their  own  tent  down.  Certain  men  were  then  assigned  to  the  office 
tent,  and  others  to  the  cook  tent,  this  latter  with  the  cook's  supplies 
l>eing  the  last  loaded  and  first  unloaded  and  put  up.     A  start  was 
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usually  made  by  7  a  m.  or  a  little  after,  and,  with  fairly  decent  roads, 
about  12  miles,  the  usual  distance  between  camps,  was  covered,  and 
the  camp  up  by  2  p.  m.  The  remainder  of  the  day  was  spent  by  the 
party  in  checking  estimates^  and  in  various  office  work,  making  stakes, 
getting  firewood,  etc.  If  necessary,  some  arrangement  was  generally 
made  to  keep  the  topographers  and  leveler  working  in  the  field  on 
days  when  camp  was  moved,  as  they  usually  had  some  work  to  do  in 
order  to  catch  up. 

Each  locating  party  was  organized  as  follows: 

Locating  Engineer $160  to  9175 

Assistant  Locating  Engineer 116  *'     126 

Transitman 90  •*     100 

Leveler 80   *•       90 

Draftsman - 80  "      90 

Topographers,  two* 80   "       90 

Bodman 60 

Head  Chainman 60 

Bear  Chainznan 40 

Tapemen,  two* 30 

Back  Flagman 30 

Stake  Marker. 30 

Axemen  (three  to  five  as  necessary) 26  to      30 

Cook 60 

Cook's  helper 20 

Donble  teams  abd  driver,  furnish  their  own 

feed,  driver  boarded  in  camp 65  to.     90 

Each  man  was  supplied  by  the  company  with  subsistence  when  in 

camp,  but  was  required  to  provide  himself  with  an  army  cot  and  suffi- 

/■    .  cient  bedding,  and  advised  to  provide  a  substantial  canvas  covering 

^  iGt  the  latter,  an  ordinary  wagon  cover,  costing  from  93  to  95,  being 

the  most  easily  obtainable  and  most  satisfactory.     The  writer  has 

always  insisted,  as  far  as  possible,  that  men  should  equip  then^selves 

properly  before  starting  out.      The   army  cot  takes  up  less  space 

than  any  other  cot,  both  when  in  use  and  when  folded,  and,  if  the 

bedding  is  properly  protected,  much  cause  for  grumbling  is  removed 

on  account  of  its  becoming  wet  or  dirty  in  moving  camp,  or  through 

the  tents'  leaking  slightly,  as  the  best  will  do  at  times. 

*  See  note  In  regard  to  topographers,  on  page  886. 
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Each  man's  baggage,  besides  bedding,  was  limited  to  about  what 
could  be  carried  in  an  ordinary  suit  case;  with  the  large  party  and 
equipment  it  was  found  that  three  good  double  teams  had  all  they 
could  do  to  move  the  outfit,  and  when  the  roads  were  bad  it  was 
sometimes  found  necessary  to  use  an  extra  team. 

Each  wagon  was  required  to  be  provided  with  a  heavy  canvas  cover 
and  at  least  one  spring  seat.  The  prices  for  teams  varied  with  the 
locality  and  season  of  the  year. 
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PLAN  A-A.  BB.  C-C 


PLAN  D-D 


►vet     4  Trays  of  H  stock. 

A         Hand  liolee  at  ends  tolBt  out 

Provide  handles  at  onds  of  box 

Boxofltstock 

Oovei  to  fit  ove?  top  of  box 


LONOJTUDINAL  SECTION 


LUNCH  BOX 
Fio.  6. 


The  Locating  Engineer  was  provided  with  a  saddle-horse  by  the 
company,  and  an  arrangement  was  made  with  the  head  teamster  to 
feed  and  care  for  it. 

Much  of  the  success  of  an  engineer  in  charge  of  a  locating  party 
is  due  to  his  ability  to  handle  readily  the  different  characters  that  go 
to  make  up  the  party.  Discipline,  tempered  with  judgment,  is  of 
course  essential,  and  a  certain  amount  of  formality  is  necessary. 
Seats  were  assigned  at  the  table  to  each  man  in  the  order  of  his  rank, 
and  men  were  required  to  occupy  their  proper  seats.     Conversation 
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was  in  no  way  restrioted,  provided  it  was  gentlemanly,  except  that 
no  comments,  either  of  praise  or  blame,  npon  the  food  on  the  table, 
were  permitted.  If  any  one  had  complaints  they  were  required  to 
make  them  to  the  writer  out  of  hearing  of  the  cook,  and,  on  no  account^ 
were  the  men  permitted  in  the  cook  tent  except  at  meal  times. 

Frequent  inspection  of  the  living  tents  was  made,  and  it  was  in- 
sisted that  each  man  should  make  his  bed  and  leave  all  his  thin^  in 
order  before  going  to  breakfast.  The  men  assigned  to  the  living  tents 
were  expected  to  divide  between  them  the  necessary  chores,  required 
to  keep  the  tent  in  a  clean  and  tidy  condition.  In  sparsely  settled 
country,  considerable  attention  of  this  kind  is  necessary  to  insure  the 
cleanliness  and  health  of  each  man;  the  lazy  habits  of  one  should  not 
be  allowed  to  cause  unnecessary  discomfort  to  others. 

Locating  engineers  reported  directly  to  the  lEMncipal  Assistant 
Engineer.  A  running  account  vdth  each  was  opened  with  the  head 
office  of  the  railroad,  cash  being  advanced  from  time  to  time  on  requi- 
sitions, properly  O.  K.'d.  Provisions  were  bought  by  the  Locating 
Engineer  at  the  most  convenient  points,  receipts  being  taken  for  all 
amounts  paid  out,  and  an  expense  account,  on  proper  blanks,  with 
the  receipts  attached,  was  sent  in  at  the  end  of  each  month,  the 
amounts  of  which,  after  being  examined  and  O.  K.'d  by  the  Chief 
Engineer's  office,  bemg  credited  to  the  account  at  the  head  office. 

It  was  found  best,  as  far  as  possible,  to  establish  a  credit  with  one 
or  perhapn  two  grocers,  preferably  wholesale  dealecs,  near  the  pro- 
posed route,  and  deal  with  them  exclusively,  buymg  all  provisions 
in  case  lots,  or  unbroken  packages,  where  possible,  thus  getting  whole- 
sale rates. 

It  was  expected  that  the  men  would  be  provided  with  good 
wholesome,  plain  food  of  the  best  quality  obtainable.  As  a  general 
rule,  fresh  meat  and  vegetables  were  difficult  to  obtain,  and  canned 
vegetables,  dried  fruit,  and  for  meats,  ham  and  bacon,  had  to  be  relied 
on  to  a  great  extent.  While,  of  course,  the  final  and  principal  object 
of  the  locating  eng^eer  is  the  location  of  a  line  of  railroad,  the  fact 
should  not  be  lost  sight  of,  that  good  food  and  enough  of  it,  properly 
cooked,  is  a  very  important  factor  in  keeping  up  that  esprit  de  corps 
which  is  absolutely  essential  to  any  degree  of  success  in  this  particu- 
lar work. 

As  stated  above,  the  railroad  company  expected  the  men  to  be 
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properly  provided  for,  bnt,  at  the  same  time,  locating  engineers  were 
expected  to  see  that  there  was  no  undne  waste.  The  experience  of  the 
writer  was  that  the  expense  for  provisions  for  snch  a  party  as  noted 
above  should  be  between  9250  and  8300  per  month,  and  any  material 
increase  over  the  latter  amount  should  be  questioned.  In  many  in* 
stances,  with  his  and  other  parties,  it  was  found  that  a  change  of  cooks 
often  resulted  in  a  large  diminution  in  the  expense  account,  with  no 
difference  in  the  quality  or  quantity  of  food  provided.  It  was  often 
found  that  the  better  cook  was  apt  to  be  the  more  economical.  Men 
to  whom  problems  of  the  commissariat  were  new  often  bought  sup- 
plies in  too  small  quantities,  thus  paying  as  much  as  10%  more  than 
was  necessary. 

The  expenses  of  the  parties,  as  noted  in  the  tables  of  cost  on 
page  894,  show  costs  varying  from  S220  to  8250  per  month  for  provi- 
sions alone;  the  writer,  however,  has  never  made  a  conspicuous 
record  for  economy  in  the  matter  of  buying  provisions,  opinions  on 
what  is  proper  and  what  is  luxurious  varying  greatly;  but,  as  with 
other  things,  the  conditions  of  each  case  govern  that  case,  and  a 
happy  medium  should  be  striven  for.  Where  the  whole  party  is  made 
up  of  well-educated  and  trained  professional  men,  with  the  exception 
of  the  axemen,  higher  standards  of  living  will  be  expected.  Engineers 
on  such  surveys  average,  for  week  after  week,  100  to  110  hours  per 
week  of  actual  work,  as  contrasted  with  45  to  48  hours  for  the  or 
dinary  business  man  or  office  engineer,  and  the  extra  cost  of  providing 
them  with  whatever  comforts  can  be  reasonably  obtained  ought  not  to 
be  objected  to. 

The  expense  accounts  were  carefully  examined  each  month  as 
sent  in,  and  long  experience  and  the  many  men  in  the  field  enabled 
the  assistants  at  headquarters  to  determine,  very  closely  the  reason  for 
any  particular  account  being  above  the  average,  and  thus  call  the  at- 
tention of  the  locating  engineer  to  the  cause  in  a  definite  manner. 

The  following  is  a  list  of  groceries  actually  bought  on  starting  a 
camp: 

6  hams.  100  lb.  flour,  soft  wheat. 

6  pieces  baoon.  100  ^^  sugar. 

60  lb.  fresh  beef.  5     ''  baking  powder. 

lease  eggs.  2     *'  tea. 

96  lb.  butter.  60  "  coffee. 

S6   ''   lard.  60   '*  Davy  beans. 

100''   flour,  hard  wheat.  85   ''  Lima  beams. 
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12  lb.  buckwheat  flour.  ^  doaen  Tanllla  extract. 

5    "  maoaronl.  1  box  dried  prunee. 

85  ''  commeal.  6  lb.  raisiDS. 

1  cheeee  (about  16  lb. ) .  4  dozen  assorted  canned  fruits. 

18  packages  oatmeaL  1  case  tomatoes. 

10  lb.  rice.  1     ''   com. 

100  cakes  soap.  1  bushel  potatoes. 

1  gal.  molasses.  1  kit  salt  mackerel. 

1  case  condensed  milk.  90  lb.  salt. 

1  dozen  tomato  catsup.  ^    "   mustard. 

i      "     Worcestershire  sauce.  1    '*   pepper. 

1  gal.  pickles.  1  quart  Tinegar. 

i  dosen  lemon  extract.  ^  dozen  yeast  cakes. 

Most  of  the  lines  to  which  the  following  methods  most  oloselj 
apply  ran  through  a  rather  badly  broken  up,  rolling  country,  with 
short  cross-drainage,  abont  three-quarters  being  wooded,  and,  in 
Indian  Territory,  very  sparsely  inbabited. 

The  low  grades  desired,  0.5  and  0.6^,  compensated  for  curvature^ 
and  the  nature  of  the  country  involved  considerable  study  of  a  rather 
wide  range  on  either  side  of  the  proposed  general  direction  of  the  line. 
No  Government  topographical  maps  of  the  country  had  been  issued^ 
and  the  only  maps  available  were  those  published  by  the  Public 
Lands  Survey,  showing  fairly  accurately,  in  relation  to  the  section 
lines,  the  general  location  of  the  larger  streams  and-  rivers  and  some 
of  the  main  roads. 

On  a  proposed  line  of  about  300  miles  in  length,  a  general  route 
was  established  from  previous  reconnaissances  with  certain  towns  as 
governing  points.  Five  locating  parties  were  placed  in  the  field,  each 
assigned  to  about  60  miles.  The  results  desired  to  be  obtained  on 
the  location  were: 

First. — To  establish  the  fact  that  a  practical  line  could  be  obtained 
with  ruling  grades  of  0.6^,  or  if  not,  what  was  the  lowest  practical 
ruling  grade  that  could  be  obtained; 

Second. — ^To  be  sure  that  the  line  obtained  was  such  that  no  other 
line  could  be  built  through  the  same  country  with  the  same  or 
better  ruling  grades,  with  less  expenditure,  at  the  same  unit  prices; 

Third. — To  keep  close  control  of  the  work  and  results  of  all  the 
parties  from  a  central  headquarters; 

Fourth. — To  have,  on  the  completion  of  the  survey,  complete 
right-of-way  maps,  estimates  of  quantities  and  cost,  profiles  showing 
in  detail  the  exact  nature  of  the  work,  so  that  contractors  could  bid 
intelligently,  and  work  be  started  at  once  if  necessary; 
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Fiflh, — To  keep  the  cost  of  the  surveys  as  low  as  possible  con- 
sistentjwith  obtaining  the  above  results. 

As  stated,  it  was  first  desired  to  establish  the  fact  that  a  reasonable 
line  could  be  obtained  with  maximum  grades  of  0.6^  throughout  the 
entire  route.  Each  locating  engineer,  therefore,  was  instructed  to 
get  oae^Une^hroagh  as  soon  as  possible  on  which  this  condition  was 
Cii^tablished,  simply  noting  carefully,  but  leaving  for  future  investiga- 
tion other  and  perhaps  better  lines  or  deviations  from  the  line 
first  run. 

It  is  advisable,  where' possible,  for  the  Locating  Engineer  to  take 
a  trip  over  the  proposed  line  before  the  party  gets  into  the  field,  but 
this  cannot  always  be  done,  as  in  the  particular  case  referred  to.  A 
reconnaissance  by  the  Principal  Assistant  Engineer,  however,  had 
indicated  the  location  of  the  first  camping  place  and  the  first  work  to 
be  done.  The  party,  therefore,  was  immediately  set  to  work  under  the 
direction  of  the  Assistant  Locating  Engineer,  while  the  Locating  Engi- 
neer made  a  more  careful  reconnaissance  over  that  part  of  the  line 
assigned  him,  making  the  round  trip  of  approximately  120  miles  in  4 
days. 

The  trip  was  made  in  an  open  spring  wagon;  observations  with 
hand-level  and  compass  were  taken,  and  a  full  sketch  was  made  of  the 
road,  showing  all  branches  from  it,  stream  crossings,  houses,  of  which 
there  were  few,  sketched  topography  and  all  the  local  names  that 
could  be  learned.  Distances  were  estimated  very  closely  by  observing 
the  time  of  passing  all  points  which  could  be  identified,  such  as 
section  comers,  houses,  fences,  streams,  etc.  Fig.  6  shows  a  page 
of  the  notebook  used,  and  Fig.  7  a  portion  of  the  completed  map. 

On  this  trip,  at  the  end  of  the  line,  which  was  at  a  town  of  mod- 
erate size,  arrangements  were  made  with  a  local  grocer  and  provision 
dealer,  so  that,  when  it  became  more  convenient  to  send  to  that  end 
for  supplies  than  to  the  town  nearest  the  starting  point,  all  that  would 
be  necessary  would  be  to  send  the  teamster  with  the  necessary  order. 

In  working  out  the  details  of  the  location,  nearly  the  whole  time  of 
the  Locating  Engineer  was  spent  looking  up  the  general  broad  features 
of  the  country,  the  actual  work  of  looking  after  the  field  party  and 
running  the  preliminary  line  devolving  practically  entirely  on  the 
Assistant  Locating  Engineer. 

In  this  connection  the  writer  would  call  attention  to  a  recent  article 
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on  * '  Railroad  Beoonnaissanoe  "  in  The  Railway  and  Engineering  Rexdew,  * 
bj  Willard  Beahan,  M.  Am.  Soo.  C.  E.,  which  desoribes  qnite  iFnlly 
and  well  the  work  required  of  the  engineer  in  charge  of  location,  both 
on  the  preliminary  reconnaisBanoe  and  in  the  condnct  of  the  work  in 
the  field. 

TTPIOAL  page  of  RSCOMVAIBSAMCB  NOTB  BoOK. 

It  IS     QUJt  Sec^.<M  Line     fTockH  Blvff  2So  ^,  S. 

12  00  Noon  d4^  o(- ovrrflo«o. 

1150  '/^C^.tttaA^Srxiadi  U^Easr 

ffoo^  -TUMA  Norlk  J^a.  M.  fiin< 


ll'29 


^*fi»irm  Ho«*r 


u^**  ,.-..-'??;§ 


0**'    '  M*t       J<»*»«I>oe 


70  ft;  abov  5  /    ^«  /  AiififTfir  ti/y  :s 

|f2o         IJ«r*r    I  M.  Nil.        «  ar.  S€C«^.-4;^4,X 
Good  place    :.'-§    -^T^Vl       ^ 

::  is 

II- 05  Civ9»«dl  SecTioH  Line      (g 

Fig.  6. 


In  laying  ont  the  work  for  the  Assistant  Locating  Engineer,  con- 
siderable use  was  made  of  rough  sketcjies  showiDg  the  general 
topography  of  the  country,  and,  each  evening,  with  the  aid  of  these 
and  the  map  and  profiles  of  the  lines  already  run,  the  following  day's 

•  March  12tb,  1904. 
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work  was  arranged.  Daring  the  day,  the  Locating  Engineer  fonnd 
the 'party  at  more  or  less  freqnent  intervals,  saw  that  the  line  was 
being  ran  as  desired,  and  made  saoh  modifications  or  revisions  of 
instraotions  as  might  be  necessary. 

It  is  deemed  by  the  writer  most  important  that  the  Locating  Engi- 
neer should  be  absolately  free  at  all  times,  either  to  stay  in  camp  and 
keep  the  office  work  ap  to  date,  to  make  reconnaissances  for  any 
distance  ahead,  to  be  with  the  party  at  critical  points,  in  fact,  to  be 
"wholly  in  an  execative  position  and  not  tied  down  to  any  details.  A 
conscientioas  study  of  the  country  will  keep  a  good  man  very  fully 
occupied  with  this  work,  with  ''office  hours''  from  6  a.  m.  to  9  p.  m., 
and,  by  working  overtime  occasionally  and  planning  the  work  carefully, 
he  will  be  able  to  get  a  couple  of  hours  sometimes  on  Sundays  to  write 
home  to  his  friends. 

In  the  field,  the  Assistant  Locating  Engineer  had  general  charge  of 
the  party,  and,  on  preliminary  work,  was  responsible  for  the  proper 
working  out  of  the  details  of  the  line  from  the  general  location  deter- 
mined on  by  the  Locating  Engineer.  A  special  point  was  made  of 
actually  running  a  preliminary  line,  getting  the  topography  on  it  and 
making  a  projected  location  and  profile  wherever  there  was  a  reason- 
able possibility  of  a  good  line  existing.  Especially  is  this  important 
in  wooded  country,  where  the  difficulties  of  comparatively  small 
details  are  apt  to  be  magnified,  and  a  good  location  missed  because  of 
the  actual  physical  difficulties  of  getting  over  the  ground,  or  of  sizing 
up  the  topography  as  a  whole.  In  this  connection,  it  is  believed  by 
the  writer  that  little  time  should  be  wasted  in  the  field  in  getting  the 
preliminary  so  close  to  where  the  final  location  may  come  that  it  will 
show  up  a  good  profile.  The  point  of  prime  importance  is  to  get  the 
preliminary  close  enough  so  that  the  projected  location  will  fall  well 
within  the  limits  of  the  topography.  Of  course,  the  difference  between 
good  and  bad  judgment  will  show  here,  as  everywhere,  but  the  point 
is,  not  to  have  the  party  sitting  around  waiting,  and  going  back  to 
refine  the  small  details  on  the  preliminary;  all  this  can  be  done  to 
much  better  advantage  on  the  map,  where  a  broad  general  view  of  the 
whole  line  can  be  taken.  , 

On  making  the  final  location,  the  Assistant  Locating  Engineer  ob- 
tained from  the  map  the  necessary  data  to  connect  the  located  line 
with  the  preliminary,  and  to  lay  it  out  on  the  ground  as  projected^ 
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which  data  he  kept  in  a  notebook  need  for  that  purpose  only.  He  had 
with  him  in  the  field  a  copy  of  that  portion  of  the  projected  profile 
covering  the  work  in  hand.  The  points  on  the  located  line  were  fixed 
by  horizontal  distances  from  the  hnbs  on  the  preliminary,  and  also, 
and  especially  where  the  slopes  were  at  all  steep,  by  vertical  distances, 
and  points  of  elevation  fixed  by  the  leveler. 

It  should  be  noted  especiaUy  that,  in  anything  like  rough  country, 
the  essential  point,  in  running  in  a  location  from  a  line  projected  on 
a  map,  is  to  reproduce  the  projected  profile  rather  than  the  projected 
line.  After  deciding  that  the  projected  profile  is  the  one  to  be 
obtained,  the  location  must  be  passed  through  all  the  controlling 
points  whose  vertical  distance  (or,  rather,  elevation)  is  such  as  called 
for  by  the  projected  profile  and  determined  by  leveling  from  some 
known  elevation  (a  hand-level  will  generally  give  close-enough  results). 

The  actual  prolSle  obtained  by  the  leveler  was  platted  in  the  field  at 
critical  points  and  compared  with  the  projected  profile  to  see  that  the 
proper  results  were  being  obtained.  Absolutely  correct  topography 
is  not  required  and  is  not  essential,  if  the  vertical  method  is  adhered 
to  in  laying  down  the  location.  Many  engineers  have  objected  to 
topographical  work  on  a  railroad  location  on  account  of  the  expense 
necessary  for  accurate  topography,  but  this  latter,  and  the  expense 
incident  to  it  is  entirely  unnecessary  if  the  locating  engineer  in  charge 
of  the  party  knows  how  to  place  his  projection  on  the  ground,  so  as 
to  equalize  any  slight  errors  made. 

The  difference  between  theory  and  experience,  here,  is  that  theory 
would  require  an  absolutely  accurate  preliminary  and  topography, 
while  experience  shows  that  neither  is  essential,  if  proper  methods  are 
adopted  in  getting  the  line  on  the  ground.  The  writer  believes  that 
many  locating  engineers  lose  sight  of  the  fact  that  the  location  should 
bear  a  certain  relation  of  position  to  the  local  topography,  rather  than 
a  relation  to  a  certain  geographical  position  on  the  map. 

It  was  considered  advisable  to  avoid  equalization  stations,  as  the 
result  of  revisions  of  the  line,  as  much  as  possible,  and  every  care  was  . 
taken  to  get  the  line  right  in  the  first  plae-e.  As  the  preliminary  lines 
form  the  basis  on  which,  not  only  the  projection  of  the  location  depends, 
but  also  of  the  topographical  map,  which  forms  the  basis  of  the  final 
completed  record  of  the  survey,  it  is  essential  that,  without  wasting 
time  and  money  on  unnecessary  refinements  of  accuracy,  all  due  pre- 
cautions should  be  taken  to  prevent  unnecessary  errors. 
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All  angles  were  checked  by  doubling  and  by  compass  readings,  the- 
rear  flagman  kept  a  list  of  all  hubs  to  check  the  transitman,  and  the 
rodman  worked  out  in  a  separate  book  all  elevations  of  turning  points^ 
thus  checking  the  leyeler,  this  latter  being  most  important. 

In  settled  cultivated  country,  on  both  preliminary  and  locatioi^ 
lines,  hubs  were  set  at  all  fences,  as  both  stakes  and  hubs  in  the  flelda 
are  frequently,  and,  in  fact,  usually,  pulled  up  or  destroyed  soon  after 
the  line  is  run,  while  the  hubs  at  the  fences  remain,  enabling  the  ready 
re-establishment  of  the  line.  All  tangents  were  run  to  an  intersection, 
the  P.  0.  and  P.  T.  of  all  curves  being  set  before  the  curves  were  rua 
in. 

Surveys  were  made  of,  and  levels  run  on,  all  railroads  crossed,  for 
one  mile  on  either  side  of  the  line. 

An  exact  copy  of  the  transit  notes  was  made  every  night  in  an  ofBce 
notebook.  Figs.  8  and  9  show  typical  pages  of  transit  notes  on  pre- 
liminary and  final  location. 

The  head  chainman  is  responsible  to  a  greater  degree  perhaps  than 
any  other  one  man  in  the  party  for  the  progress  of  the  work,  that  is  to* 
say,  the  actual  physical  progress,  after  the  direction  of  the  line  haa 
been  determined.  He  must  be  a  hustrer  from  start  to  finish  and  for 
10  or  11  hours  per  day,  and,  at  the  same  time,  be  accurate;  it  is  no  use 
being  careful  about  the  instrumental  work  and  the  platting,  if  the 
chaining  is  not  well  done,  and  nothing  is  more  annoying  than  to  plat 
side  lines  forming  traverses  and  find  that  they  will  not  close,  or  to  run 
in  curves  on  location  and  not  have  them  check.  Chainmen,  as  a  rule^ 
are  not  college  graduates,  but  are  as  often  picked  up  in  the  country 
where  the  survey  is  carried  on,  and  probably  have  had  some  experience,, 
and  there  is  no  point  where  the  engineer  in  charge  of  surveys  can  use 
his  time  to  better  advantage  at  the  beginning  of  the  work  than  in 
getting  the  chainman  to  do  good  work,  not  necessarily  measuring  to 
thousandths,  but  accurately  enough  for  the  work  to  be  done. 

There  were  three  axemen  (except  in  one  or  two  cases  of  very  heavy 
timber  for  several  miles,  where  two  extra  men  were  put  on  for  a  short 
time) ;  in  wooded  country,  all  chopped,  but  in  that  more  or  less  open^ 
one  man  helped  the  stake-marker  by  driving  the  stakes. 

The  writer  has  found  it  advisable  to  pick  out  one  axeman  and  place 
him  in  charge  of  the  others,  spending  time  enough  with  him  at  the 
beginning  of  the  survey  to  break  him  in  thoroughly  to  the  idea  of 
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keeping  on  line  and  entting  only  what  is  necessary  to  get  the  line 
through;  the  right  kind  of  a  man  will  soon  learn  what  is  required, 
and  save  a  great  deal  of  time. 

Leveling, — Bench-marks  were  established  every  mile  on  preliminary 
lines  and  eyery  half-mile  on  final  location,  care  being  taken  to  have 
these  latter  convenient  for  construction  purposes,  especially  near 
bridge  openings,  etc.,  and  away  from  all  danger  of  being  interfered 
with  by  the  excavation.  The  elevation  of  each  bench-mark  was 
plainly  marked  on  or  near  the  same. 
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Level  notes  were  kept  in  the  form  shown  in  Fig.  10. 
On  the  final  location  at  all  bridge  openings  ravine  sections  were 
taken,  all  plusses  being  measured  in  with  a  cloth  tape,  and  a  very 

NoTB.— In  using  the  metric  system,  stakes  are  driven  every  90  m.,  and  numbered 
from  the  beginning,  0,  8,  4,  6,  8, 10,  etc.  Curves  are  run  in,  the  same  as  when  using 
lOe-ft.  stations,  except  that  the  deflections  are  for  90  m.  instead  of  100  ft.;  as  90  m. 
equals  very  closely  |  of  100  ft.,  the  radius  of  an  8**  curve  metric  equals  approximately  a 
100  Msing  lOD-ft.  chords.  Tables  of  radii  of  metric  curves  are  given  in  flenok  and  else- 
where. 

Levels  are  taken  as  usual,  ordinary  readings  to  centimeters  and  target  readings  to 
millimeters.  Profiles  are  platted  on  metric  profile  paper,  the  smallest  divisions  being 
millimeters,  giving  a  profile,  at  the  scale  ordinarily  used,  about  the  same  as  that  platted 
on  Plate  B  paper. 

Maps  are  usually  platted  on  a  scale  of  1: 5  000,  about  equal  to  400  ft.  to  1  in. 
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cftref al  profile  was  obtained  which  was  afterward  platted  on  a  scale  of 
10  ft.  to  i  in.  (see  Fig.  11). 

7opoffraphy. — This  was  taken  for  300  ft.  on  each  side  of  the  line^ 
in  cross-section  books,  mled,  on  a  scale  of  8  ft  to  1  in.,  in  100-ft. 
squares,  subdivided  into  10-ft.  squares. 

In  the  field  a  hand-level  and  a  light  wooden  rod,  2  in.  by  f  in.  by 
12  ft.,  marked  every  |  ft.,  were  used,  and  distances  out  were  paced, 
or  measured  with  a  cloth  tape,  according  to  the  nature  of  the  ground, 
and  5-ft.  contours  were  located  and  sketched  in,  care  being  taken  at 
angle  points  to  get  sufficient  information  to  connect  the  contoura 
properly  on  the  map. 

As  previously  noted,  absolutely  correct  topography  was  not  re> 
quired,  and  distances  were  not  taped  except  in  cases  of  very  steep 
slopes;  the  accuracy  with  which  distances  up  to  500  ft  can  be  paced, 
by  any  one  accustomed  to  doing  it,  and  levels  carried  the  same  dis- 
tance by  hand-leveling,  was  well  brought  out  in  an  account  of  the 
survey  of  the  Biltmore  Estate,  by  J.  L.  Howard,  M.  Am.  Soc.  C.  E.,* 
and  the  writer*s  experience  confirms  that  of  Mr.  Howard. 

Each  day  the  books  used  on  the  previous  day  were  left  in  camp,, 
and  the  work  platted  by  the  draftsman,  and  other  books  were  taken 
out.  Each  book  was  indexed  each  night,  and  each  day's  work  dated 
at  beginning  and  end. 

On  the  final  location,  a  sounding  party  was  organized,  with  To- 
pographer No.  1  in  charge,  and  two  or  three  laborers;  soundings  were 
taken  in  all  the  cuts  and  at  bridge  openings,  ship  augers  and  steel 
drills  being  used  most  generaUy.  The  former  were  welded  to  a  12-ft. 
steel  rod  with  an  adjustable  handle.  These  soundings,  taken  with 
augers,  determined  very  closely  the  character  of  the  material  in  the 
cuts.  In  country  where  boulders  might  be  likely  to  be  encountered  to 
any  great  extent,  either  in  a  clay  or  gravel  formation,  this  method 
would  not  answer;  but  through  the  country  traversed,  as  proved  on 
construction,  the  estimates  made  from  the  results  of  these  borings 
and  a  close  study  of  the  country  were  quite  near  the  final  estimate. 

In  one  or  two  instances,  of  important  structures  and  very  deep  outs, 
a  regular  well-drilling  outfit  was  secured,  and  the  work  looked  after 
by  a  man  engaged  for  the  purpose  under  the  direction  of  the  Locating 
Engineer. 
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The  second  topographer,  supplied  with  a  transit  and  aasiBted  by 
the  two  tapemen,  determined  the  drainage  areas,  located  the  property 
lines  and  section  comers,  got  names  of  property  owners,  etc.  This 
method  was  found  mnch  more  economical  than  to  have  the  whole 
transit  party  held  np  while  the  transitman  and  chainmen  were  getting 
this  information. 

With  the  information  thus  obtained  by  the  two  topographers,  the 
profiles  and  map  of  the  final  location,  which  were  finihhed  within  a 
few  days  of  the  completion  of  the  survey,  contained  all  the  informa- 
tion necessary  to  proceed  with  the  construction. 

It  should  be  noted  here  that  there  were  exceptional  circumstances 
in  connection  with  this  surrey  which  made  it  desirable  to  employ  two 
topographers.  Ordinarily,  one  is  sufficient,  and  a  good  man  will  easily 
take  90%  of  the  topography.  Generally,  about  moving  day,  the  topog- 
rapher is  a  day  or  two  behind,  in  which  case  the  whole  party  is 
broken  up  into  topographical  parties,  and  the  work  cleaned  up  to  the 
end  of  the  line  in  a  part  of  a  day.  Also,  when  only  one  topogprapher 
is  available,  when  the  final  location  is  run  in,  the  Assistant  Locating 
Engineer  is  occapied  about  two-thirds  of  the  time  in  getting  land  lines, 
drainage  areas,  etc.,  and  assisting  with  the  office  work,  while  the 
Locating  Engineer  looks  after  the  actual  running  in  of  the  line.  This 
is  ordinarily  the  most  economical  arrangement,  but,  in  the  survey 
referred  to,  it  was  necessary  to  rush  the  work,  regardless  of  the  slight 
extra  expense  of  using  men  occasionally  at  a  disadvantage. 

In  carrying  out  the  third  requirement  of  keeping  headquarters  in 
touch  with  the  work,  a  weekly  report  was  made  by  the  Locating 
EiUgineer,  and  the  following  maps,  etc.,  were  kept  in  shape  and  up  to 
date: 

On  preliminary  lines:  General  map,  scale  5  000  ft.  to  1  in.,  at  the 
bottom  of  which  was  a  condensed  profile  of  the  projected  location, 
scales  1  000  and  100;  detail  map,  scale,  400  ft.  to  1  in. ;  profiles  of  pre- 
liminary lines  and  profile  of  projected  location,  Plate  A  paper,  scales 
400  and  20;  profile  of  projected  location  on  tracing  profile  paper. 

On  final  location:  Line  inked  in  on  400-ft.  map,  and  drainage  area 
shown;  right-of-way  map,  scale  2  000  ft.  to  1  in.  (required  only  in 
Indian  Territory) ;  maps  of  station  grounds,  scale  100  ft.  to  1  in. ;  final 
profile  on  Plate  A  paper;  final  profile  on  tracing  profile  paper,  in  10- 
mile  sections. 
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Ravine  Sections  <f  all  Bridge  Siies.-^The  first  duty  of  the  field 
draftsman  was  the  preparation  of  the  general  map  on  the  5  O00-ft.-to- 
1-in.  scale,  from  the  best  available  sources,  covering  the  whole  of  the 
conntrv  in  which  the  proposed  line  might  lie.  In  most  of  the  country 
in  the  West,  where  topographical  maps  have  not  yet  been  prepared, 
the  Government  maps  of  the  Public  Lands  Surveys,  showing  the 
section,  township  and  county  lines,  town  sites,  and  the  location  of  the 
main  drainage,  will  form  the  basis  of  this  map. 

This  6  000-ft.  map  and  profile  are  absolutely  essential  to  a  broad 
comprehensive  study  of  the  line  as  a  whole;  it  can  be  readily  seen 
from  this  whether  or  not  a  good  general  direction  is  being  maintained, 
and  the  general  relation  of  the  line  to  the  surrounding  country  is 
shown.  Such  a  map,  with  the  omission  of  the  preliminary  lines,  is  of 
considerable  aid  to  contractors  in  computing  the  haul  of  construction 
material  and  for  other  uses;  it  is  also  generally  sufficient  to  accom- 
pany such  reports  as  are  made  to  the  higher  officials,  in  fact,  it  gives 
them  a  more  comprehensive  idea  of  the  line  than  a  more  detailed  map. 
Plate  XLVni  shows  a  portion  of  a  5  000- ft.  map,  but  shows  the  located 
line  only;  the  writer  regrets  that  he  has  not  available  a  map  as  de- 
scribed, showing  also  the  preliminary  lines  and  condensed  profile. 

A  tracing  was  made  of  this  map  and,  as  soon  as  completed,  sent  to 
headquarters;  from  day  to  day,  the  preliminary  lines  run  were  platted 
on  it,  and,  also,  the  projected  location  and  profile,  as  they  were  made. 

At  the  end  of  each  week  a  tracing  of  the  portion  of  the  map  show- 
ing the  additions  made  to  it  during  the  previous  week  was  sent  to 
headquarters,  where  the  information  was  transferred  to  the  original 
tracing. 

The  weekly  report  which  accompanied  this  map  explained  in  quite 
full  detail  such  points  in  connection  with  it  and  the  work  as  seemed 
to  require  explanation.  It  explained,  in  particular,  the  natural  feat- 
ures of  the  country,  the  availability  or  otherwise  of  timber  (especially 
for  ties),  stone,  sand,  etc.,  the  condition  of  roads,  water  supply, 
and,  in  general,  the  work  of  the  party  during  the  preceding 
week. 

All  the  preliminary  lines  run  during  the  day  were  platted  on  the 
400-ft.-to-l-in.  map  in  the  evening,  from  the  calculated  courses  and 
distances;  no  platting  from  deflection  angles  was  allowed.  The  work 
of  the  draftsman  was  checked  by  the  Assistant  Locating  Engineer. 
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The  first  thing  the  following  day,  the  line  was  inked  in,  in  red, 
station  numbers  were  marked  at  all  angle  points,  the  topography  taken 
the  previous  day  was  platted  and  inked  in  immediately  in  black. 
Black  was  found  preferable  for  the  contours,  as  it  stood  the  erasing 
of  the  projected  lines  better  than  colors.  Valleys  were  indicated  by  a 
light  blue  line  drawn  through  the  lowest  points,  thus  making  the 
topography  stand  out  and  easier  to  read.  It  was  found  necessary  at 
times  to  have  one  topographer  stay  in  half  a  day  and  assist  the  drafts- 
man by  platting  the  topography,  in  order  to  keep  all  the  parts  of  the 
work  co-ordinated. 

With  the  large  party  used,  more  than  4  miles  per  day  of  preliminary 
were  averaged,  and  it  was  absolutely  necessary  to  keep  the  topography 
close  up,  in  order  that  the  projected  location  should  not  get  behind. 
As  a  rule,  as  the  map  was  being  used  in  the  evening  and  the  early 
part  of  the  day,  the  Locating  Engineer  endeavored  to  get  back  to 
camp  about  4  p.  m.  and  get  the  projected  location  up  to  date  before 
supper.  Separate  sheets,  as  advocated  by  Mr.  Wellington  in  his 
*' Economic  Theory,"  may  have  some  advantage  in  this  respect,  but 
the  writer  prefers  the  map  on  a  roll  of  36-in.  paper.  There  are  few 
places  in  di£Scult  country  where  it  is  not  necessary  to  run  more  than 
one  line,  and  it  has  always  seemed  to  the  writer  to  detract  from  a 
general,  broad,  comprehensive  study  of  the  lines,  as  a  whole,  to  have 
them  scattered  around  on  separate  small  sheets  of  paper. 

Necessarily,  also,  by  the  separate  sheet  method,  the  lines  and  topog- 
raphy must  start  right  from  the  edge  on  one  side  of  the  sheet,  where 
it  is  very  likely  to  be  torn;  on  the  36-in.  rolls  used  on  this  survey, 
no  topography  was  allowed  within  6  in.  of  the  edge  of  the  paper,  ex- 
cept possibly  at  a  point  where  it  just  came  near  the  edge  and 
immediately  receded  from  it. 

It  was  absolutely  required  that  the  projected  location  should  fall 
within  the  limits  of  the  topography,  that  is,  within  800  ft  of  the  pre- 
liminary line,  and  if,  for  any  considerable  distance,  it  was  more  than 
200  ft.  from  the.  preliminary  line,  it  was  often  deemed  advisable  t^ 
cover  this  with  another  line. 

In  making  the  projected  location,  a  sheet  of  tracing  cloth,  on  which 
was  drawn  in  ink  to  the  scale  of  the  map  the  curves  proposed  to  be 
used,  with  tangents  at  the  ends,  was  found  very  useful  in  fitting  the 
alignment;  100-ft.  stations  were  marked  on  these  curves  on  the  tracing 
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oloih,  so  that,  when  laid  above  the  topography  sheet,  pieces  of  profile 
coald  be  readily  read  oflf.  No  P.  C.  or  P.  T.  was  allowed  to  come 
within  400  ft.  of  the  end  of  a  bridge;  all  curves  were  of  even  degree  of 
curvature,  being  either  1,  2,  3  or  49,  and  all  grades  were  in  even  tenths 
of  1  per  cent. 

The  writer  objected  to  the  limitations  of  the  degrees  of  curve  at 
first,  believing  that  a  nicer  adjustment  could  be  made  by  using  any 
degtee,  with  indices  of  odd  minutes  when  necessary,  that  seemed  at 
first  to  fit  the  ground  better,  but  by  being  compelled  to  use  the  Qyen 
degrees,  found  afterward  that  t]iis  could  be  done  almost  invariably 
just  as  well,  but  required  perhaps  more  study  of  the  situation.  Of 
course,  no  rules  of  this  kind  can  be  absolutely  iron-clad,  and  the 
Principal  Assistant  Engineer  at  times  modified  them  himself,  but  it 
was  considered  advisable  to  make  them  binding  as  far  as  the  locating 
engineers  were  concerned. 

The  projected  location  being  made  and  penciled  in  on  the  iOO-ft. 
map,  the  profile  was  taken  off  and  the  grade  line  fixed,  grades  being 
kept  in  even  tenths  of  1%,  except  where  compensated  for  curvature, 
and  even  then,  if  possible.  Of  course,  in  long  stretches  of  ruling 
grade  where  often  every  inch  counts,  hundredths  of  1%  rates  occurred 
where  compensation  was  made.  Breaks  for  compensation  were  made 
at  the  even  stations  nearest  the  ends  of  the  curves. 

All  bridges  and  culverts  were  located  on  this  profile,  the  probable 
quantity  of  classified  excavation  in  each  cut  was  indicated,  and  an  esti- 
mate made  of  each  mile.  The  classification  of  the  material  in  the  cuts, 
as  shown  on  this  projected  profile,  was  made  by  the  Locating  Engineer 
from  his  observations  of  the  surface  indications;  of  course,  this  was 
only  approximate,  but  was  quite  close. 

Specifications  and  standard  plans  of  all  structures,  with  tables  of 
constant  quantities,  were  furnished  by  the  railroad,  and  the  excavation 
and  embankment  quantities  were  figured  from  tables  of  level  cuttings 
for  the  standard  roadbed  sections  used.  A  useful  device  for  scaling 
the  quantities  from  the  profile  was  made  by  taking  a  pieoe  of  the  same 
profile  paper  used  for  the  profile  and  marking,  along  the  edge  at  each 
foot,  the  quantities  corresponding  to  the  height,  starting  at  0  (see  Fig. 
12). 

As  each  10  miles  of  this  profile  of  the  projected  location  was  com- 
pleted, a  tracing  on  tracing  profile  paper  was  made,  showing  the 
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estimated  quantities  of  each  mile  and, 
also,  on  a  regular  estimate  blank,  a  sum- 
mary of  quantities,  and  a  summary 
showing: 

Total  length, 

**     degrees  of  curve, 
'<     length  of  tangent, 
*'     percentage  of  line    on 
.  curve. 

Maximum  curve, 
*'  grade. 

Total  rise  (in  the  direction  of 
the  line), 
**     fall  (in  the  direction  of 

the  line), 
'*     length  of  bridg:ing, 
*•     cost, 
Average  cost  per  mile, 

"  number  of  cubic 
yards  per  mile. 
These  tracings  of  10  miles  each,  with 
the  estimates  and  summary,  were  for- 
warded to  headquarters  as  fast  as  com- 
pleted, and,  on  the  completion  of  the 
line,  an  estimate  and  statement  similar 
to  the  above,  covering  the  whole  line, 
was  sent  in.  The  original  profile  was 
made  in  25  to  30  mile  sections. 

From  time  to  time  the  Principal 
Assistant  Engineer  visited  each  locat- 
ing party  in  the  field,  and  thus  kept  in 
touch  with  the  work  and  results  of  each.  At  the  same  time,  the 
5000-ft.  map  and  profile,  etc.,  kept  the  record  at  headquarters  com- 
plete. All  projections  adopted  for  location  were  examined  and 
approved  by  the  Principal  Assistant  Engineer,  and,  after  approval, 
uo  deviation  was  permitted  without  authorization.  By  this  means 
a  detailed  study  of  the  line  was  possible;  much  more  so  than  when 
viewed  only  on  the  ground  by  those  superior  to  the  Locating  Engineer. 
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On  the  particnlar  line  in  qnestion,  it  was  decided,  by  the  time  the 
different  preliminary  lines  were  nearly  connected,  that  a  0,6%  grade 
was  possible  for  the  whole  length  of  the  line,  and  instmctions  were 
given  to  make  this  the  raling  grade  on  the  final  location. 

Instructions  were  given  the  locating  engineers  to  spend  all  the  time 
necessary  on  investigations,  to  be  sure  they  had  the  best  line  through 
the  country  traversed  before  putting  in  the  location,  on  the  ground. 
The  writer  recalls  one  stretch  of  line,  about  16  miles  in  length,  where 
he  spent  nearly  three  weeks,  running  over  80  miles  of  preliminaries, 
besides  the  original  preliminary  and  projected  location,  before  the 
final  line  was  decided  on.  A  second  projected  location  saved  a  mile 
of  distance  over  the  first,  besides  eliminating  much  curvature  and  rise 
and  fall,  and,  but  for  the  very  positive  instructions  received  to  exhaust 
every  possibility,  and  the  receipt,  about  this  time,  of  a  letter  from  the 
Principal  Assistant  Engineer,  who  knew  the  difficult  nature  of  the 
country,  reiterating  his  caution,  this  line  would  have  been  run  in. 
Other  lines  were  run,  the  final  location  effecting  a  saving  of  more  than 
S30  000  in  estimated  cost  of  construction,  and  eliminating  many  degrees 
of  curvature  and  more  rise  and  fall. 

It  seems  hardly  possible,  in  view  of  this,  which  is  only  one  case 
out  of  thousands,  that  anyone  contemplating  the  construction  of  a 
railroad  should  hesitate  to  spend  sufficient  money  on  surveys,  but  all 
engineers  of  any  extended  experience  know  how  difficult  it  often  is  to 
get  either  sufficient  time  or  money  to  do  this  work  thoroughly;  and, 
as  a  result,  how  very  much  more  the  cost  of  the  needless  construction 
is  likely  to  be  than  that  of  the  surveys.  Still,  the  writer  believes  it  is 
often  the  fault  of  engineers  in  charge  of  work  that  this  is  so.  Men 
now-a-days  investing  their  money  in  any  project  of  merit  are  as  a  rule 
level-headed  business  men  who  would  be  willing  to  furnish  all  the 
money  necessary  for  proper  surveys,  if  the  matter  were  presented  to 
them  in  the  proper  light. 

As  the  final  located  line  was  run  in,  it  was  inked  in  on  the  400-ft. 
map,  radii  of  curves  were  drawn,  stations  of  P.  C.  and  P.  T.  marked, 
and  calculated  courses  of  tangents  from  observations  of  Polaris,  length 
of  tangents,  the  degree  of  curve,  central  angle,  and  the  length  of 
semi-tangents  noted  at  each  curve;  drainage  areas,  as  definitely  deter- 
mined by  the  topographer,  were  dotted  in,  and  areas  noted;  as  were 
alflo  property  lines  and  owners'  names,  thus  making  the  map  a  com- 
plete record  (see  Plate  XLIX). 
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In  Indian  Territory  a  right-of-way  map  on  a  scale  of  2  000  ft.  to  1 
in.  was  made  showing  the  alignment,  station  of  P.  C.  and  P.  T.  of 
carves,  central  angle,  degree  and  length;  also  length  and  calculated 
conrse  of  tangents,  all  property  lines  and  plnsses  to  same,  and  prop- 
erty owners'  names,  where  land  had  been  allotted;  ties  to  all  section  or 
qnarter-section  comers  nearest  the  line,  and  notes  in  pencil  where 
extra  width  for  large  cnts  or  fills  might  be  necessary,  the  final  width 
desired  being  added  at  headquarters.  This  map  was  required  in  Indian 
Territory  only,  to  meet  the  Goyemment  requirements,  the  right  of 
way  being  obtained  by  filing  such  a  map  with  the  Secretary  of  the 
Interior. 

As  the  final  profile  and  the  ravine  sections  were  platted,  they  were 
taken  into  the  field  by  the  Locating  Engpineer,  and  all  bridge  openings 
and  culverts  carefully  fixed  there.  The  profile  as  platted  was  inked 
in,  but  the  grade  line  was  left  in  pencil.  As  soon  as  the  openings 
were  fixed,  and  the  soundings  noted  at  the  bridge  sites  and  cuts,  the 
estimate  of  quantities  and  the  cost  of  each  mile  were  made  up  by  the 
draftsman  and  checked  by  other  members  of  the  party;  this  was  then 
all  carefully  inked  in,  and  a  tracing  made.  Profiles  of  final  locations 
were  made  in  25-mile  sections.  A  portion  of  such  a  profile  is  shown  in 
Plate  L.  This  profile  and  the  5  OOO-ft.  map  contain  all  the  informa- 
tion necessary  to  enable  a  contractor  to  bid  intelligently  on  the  work, 
and  as  all  this  work  was  kept  up  together,  it  was  immediately  available 
on  the  completion  of  the  surveys. 

The  tracmg  of  the  profile  of  the  final  location  was  sent  in  to  head- 
quarters as  soon  as  a  26-mile  section  was  completed,  together  with  the 
right-of-way  map  and  ravine  sections  covering  the  same  ground. 

On  receiving  notice  from  headquarters  that  the  grade  Hne,  as 
shown  on  the  tracing  profile,  had  been  approved,  the  grade  line  on 
the  original  was  inked  in,  any  changes  that  were  ordered  being  made, 
and  then  this  was  ready  for  the  Division  Engineer  having  charge  of  the 
construction  of  that  section.  Beference  to  the  <*  Instructions  to 
Resident  Engineers  "  on  the  Choctaw,  Oklahoma  and  Gulf  Railroad, 
by  Messrs.  Molitor  and  Beard,  will  show  how  the  work  of  construction 
was  co-ordinated  with  that  on  the  location. 

All  maps  and  profiles  were  carefully  lettered  in  ink  on  the  outside 
at  each  end,  the  lettering  running  parallel  with  the  axes  of  the  rolls, 
showing  just  what  they  were.  On  the  400-ft.  map,  the  title  might  be 
something  as  follows: 
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New  York  —  Boston  Line, 
ProTidenoo  —  New  London  Section, 

John  Smith,  Locating  Engineer. 

Final  Location  Sta.  862  to  1748,  Mile  56  to  Mile  73 

Preliminarj  Sta.        A.  934  to  1823 

M.    48  "  223 

N.    15  "    829 

**  "  O.      0  **     56 

"  "       B.B.    17  "   638 


The  maps  acoompapjing  this  paper  are  reproductions  of  maps 
actually  made  in  the  field,  and  show  more  clearly  than  any.  written 
description  the  kind  of  work  accomplished. 

The  following  is  a  statement  showing  in  detail  the  cost  of  surveys 
conducted  practically  in  accordance  with  the  practice  outlined  in  this 
paper.  The  length  of  the  final  located  line  in  this  instance  was  179 
miles,  and  the  work  was  divided  between  four  parties.  The  country 
was  similar  to  that  described  by  the  writer,  that  is,  long  rolling 
country,  rather  badly  broken  up,  the  line  running  across  the  drainage, 
necessitating  the  exploration  of  a  wide  range  of  country  on  either 
side  of  the  proposed  route.  The  average  amount  of  grading  per  mile 
was  about  100  000  cu.  yd.,  maximum  grade,  0.5%,  maximum  curve,  2^; 
there  was  19%  of  the  line  on  curve.  The  writer  is  especially  indebted 
to  Mr.  Beard  for  this  information  and  notes  on  the  same,  as  well  as 
for  much  valuable  assistance  in  the  preparation  of  this  paper. 

Field  preliminary  expense  for  563  miles ^14  628.97 

"               **               **       per  mile 25.98 

"     Location            '*        for  179  miles 12  597.92 

**            "                   **        per  mile 70.88 

Locating  Party  No.  1 :  Expense  on  preliminary,  in- 
cident to  above  location  and  including  prelim- 
inary and  location  of  9  miles 2  478.02 

Office  expense  charged  to  above 6  446. 08 

Total  cost  of  preliminary  and  location  188 

miles ^6  150.99 

Total  cost  per  mile 8192.30 
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Miles  run  and  topoffraphy  taken 

Miles  run,  no  topography  taken 

Total  miles  preliminary  run. 

Total  number  payroll  oavs 

Average  daily  number  of  men 

Average  miles  per  day  per  party 

Total  cost  of  subsistence 

Average  daily  cost,  subsistence  per  man 
Relative  cost  percentage  to  lowest  man 

subsistence 

Total  payroll  cost  (except  teams) 

Average  daily  pay  per  man 

Total  cost  for  teams 

DaUy    "     "       "     

Ck>ntingencies 

Total  cost  of  party 

Daily    *'     *'      "     

*'       "     per  man 

Cost  per  mile. 

Relauve  percentage  to  lowest  man  per 
mile 
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87  days. 


146.8 

89.8 

186.1 

1880 

15.9 

2.12 

9618.18 

90.87 

100 
32  602.55 
$1.81 

96.00 

988.48 

98  029.96 

941.72 

92.68 
919.61 

100 


90  days 


166.8 

"m.s 

182S 
14.7 
1.85 

9646.42 
90.49 

188 

92  688.22 

92.08 

9660.28 

96.22 

9112.95 

94  002.82 

944.48 

98.08 

924.07 

128 


111  days. 


164.1 

16.0 

180.1 

2088 

18.8 

1.62 

9768.58 

90.88 

98;t^i.n(i 
Si  o\ 

9fiif:h7  iNL 
¥2.1^ 

148 


80  days. 


28.2 
8.6 
81.8 
686 
21.2 
1.06 
9871.47 
90.58 

1S7 

91065.56 

91.66 

9886.15 

912.87 

9125.78 

91988.28 

964.61 

98.06 

960.95 

811 


Located  Lines. 
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Miles  located 66.0 

Total  number  payroll  davs '  1  400 

AveragedaUy  number  of  men 21.6 

Average  miles  per  day  per  party 0.86 

Total  cost  subeostence 9515.66 

Average  daily  cost  subsistence $0.37 

Total  payroll  (except  teams). 92 410.10 

Average  dafly  pay  per  man I  91.72 

Total  cost  for  teams. '  9484.74 

Daily    "     ''       **     96.69 

Contingencies 9148.86 

Total  cost  of  party 1 98  508.76 

Dailycostof  party I  958.90 

Daily  cost  per  man ;  92.50 

Cost  per  mile 962.57 

Relative  percentage  to  lowest  man  per' 

mile '  141 
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9212.71  \ 
95.75 
946.76  I 
91  675.65 
945.22 
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944.88 

100 


7.6 

151 

19.0 

0.96 

960.50 

90.89 

9242.70 

91.61 

948.10 

$5.89 

915.70 

^1.00 

945.12 

92.89 

947.50 

107 


42.6 
1498 
81.2 
0.89 
9509.80 
90.40, 
92  562.74, 
91.71 
9496.00 
910.88 
9196.00 
98  898.94* 
980.99 
92.57 
^.47 

204 


89.2 

1288 

19.4 

0.60 

9674.66 

90.46 

92049.25 

91.60 

9446.85 

96.76 

91^.84 

98  20B.89 
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92.60 
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There  are  varioiiB  things  to  be  taken  into  consideration  in  judging 
the  fluctuations  in  the  cost  of  these  surreys.  The  preliminary  loca- 
tion by  Party  No.  1  vas  oyer  a  severe  country  and  embraced  the 
heaviest  work  on  the  whole  line;  at  the  same  time,  much  difSculty 
was  experienced  in  getting  a  grade  between  certain  points  on  the  Une 
located  by  Party  No.  3.     Party  No.  2  had  the  lightest  country. 

There  is  charged  to  the  expense  of  Party  No.  i,  the  cost  of  moving 
a  long  distance  from  other  work  to  this  line,  which  amount,  together 
with  the  short  time  they  were  engaged  on  preliminary,  abnormaUy 
increased  the  cost  of  their  work;  at  the  same  time,  it  is  evident  that 
this  was  decidedly  the  most  expensive  party  on  the  work,  their  work 
per  unit  of  cost,  costing  more. 

For  instance,  their  subsistence  was  b7%  more  than  that  of  Party 
No.  1,  and  the  team  hire  more  than  double  that  of  the  other  parties; 
while  the  actual  number  of  men  in  the  field  was  relatively  the  same. 
It  is  probable  that  the  cost  of  the  work  done  by  this  party  was  really 
about  00%  more  than  the  others  instead  of  200^  as  shown  by  the  cost 
per  mile. 

On  location,  Party  No.  1  carried  a  very  heavy  and  expensive  sound- 
ing party,  consisting  of  a  man  in  charge,  four  or  five  laborers  and  a 
team;  the  nature  of  this  work  was  such  that  it  was  much  more  expen- 
sive than  that  conducted  by  any  of  the  other  parties. 

After  completing  the  location.  Party  No.  1  was  engaged  in  running 
other  preliminaries  and  locating  a  short  branch,  the  cost  of  this  work 
not  being  distributed,  but  included  in  the  total  cost  of  the  survey,  the- 
amount  being  $2  478.02. 

On  location.  Parties  Nos.  2  and  3  were  combined  after  each  had  run 
in  a  short  distance  separately;  this  was  necessitated  by  the  approach- 
ing cold  weather  and  the  desire  to  complete  the  location  at  the  earliest 
possible  moment;  the  result  shows  it  to  have  been  an  uneconomical 
proposition  as  far  as  cost  per  mile  is  concerned;  but  both  of  these 
parties  had  much  additional  preliminary  work  to  perform  as  they  pro- 
ceeded with  the  location. 

What  has  been  noted  of  Party  No.  4  on  preliminary  is  true  on 
location,  though  its  cost  is  somewhat  burdened  by  the  charges  inci- 
dent to  moving  the  party  elsewhere,  and  the  fact  of  its  happening 
about  Christmas,  when  many  men  were  given  vacations  with  pay.. 
This  Christmas  expense  was  encountered  to  a  somewhat  less  extent  by/ 
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every  one  of  the  parties,  and  tended  to  increase  the  total  cost,  bnt 
taken  as  to  Parties  Nos.  1,  2  and  3,  the  statement  is  a  fair  average  of 
what  a  thorough  survey  under  like  conditions  will  cost. 

Besides  the  organization  as  noted  on  page  871,  which  was  practi- 
cally the  same  as  that  engaged  on  these  surveys,  with  the  exception 
that  there  was  only  one  topographer,  there  was  the  expense  of  an  expert, 
at  8150  per  month  and  his  expenses,  engaged  in  an  examination  of  the 
country  adjacent  to  the  line,  for  the  purpose  of  determining  the 
quantity  of  sand  and  stone  available  for  construction  purposes.  The 
amount  of  this  expense  is  9545.84. 

In  all  this  work  it  was  considered  absolutely  necessary  that  all 
parts  of  it  should  be  kept  up  together,  and,  with  the  large  party  avail- 
able, it  was  found  feasible  to  assign  the  men  so  that  any  part  of  the 
work  which  lagged  behind  could  be  brought  up  to  date;  the  weak 
point  is,  of  course,  with  the  leveler  on  preliminary,  if  he  gets  behind 
there  is  little  to  do  but  to  wait  until  he  catches  up.  It  is  necessary, 
therefore,  that  an  especially  good  man  should  be  selected  for  this 
position.  Physical  ability  to  hustle  is  absolutely  necessary,  and  the 
rodman  must  expect  to  trot  between  stations  and  the  instrumentman 
between  set-ups,  if  they  cannot  keep  up  by  walking. 

The  leveler  in  a  party  should  be,  not  only  accurate,  but  quick.  As  an 
instance  of  what  can  be  accomplished :  On  one  of  the  lines  referred  to, 
starting  from  the  west,  more  than  100  miles  of  preliminary  were  run  to 
the  eastern  end  of  the  line  in  20  working  days  (not  including  Sundays 
and  moving  camp) .  On  one  day,  the  leveler  covered  8  miles.  On  return- 
ing and  making  the  final  location,  when  every  care  was  taken  to  have 
the  levels  as  accurate  as  possible,  equalization  of  sights  being  insisted 
on,  and  there  being  ample  time  for  the  leveler  to  do  the  work  prop- 
erly, no  variation  from  any  bench-mark  was  found  greater  than  A  ft., 
the  final  check  on  the  bench  at  the  western  end  being  about  ^o  ft. 

In  making  the  preliminary  location,  or  rather,  the  writer  would 
prefer  to  say,  in  running  the  preliminary  lines,  he  considers  that  the 
result  to  be  obtained  should  be  regarded  more  in  the  nature  of  making 
a  topographical  map  of  a  strip  of  country  through  which  the  final 
location  will  pass,  and  through  which  runs  a  sufficiently  accurate  base 
line  or  lines,  than  in  running  a  line  which  will  be  very  close  to  the 
final  location.  There  is  only  one  place,  in  his  opinion,  to  adjust  the 
final  location,  and  that  is  on  a  good  topographical  map. 
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This,  of  course,  will  not  be  xniBunderstood  as  relieying  the  Locating 
Engineer  of  the  necessity  of  running  these  preliminary  lines  with 
judgpnent  and  a  good  idea  of  their  relation  to  the  located  line.  All 
the  good  judgment  and  **  eye  for  country,"  relied  on  so  much  by  some 
of  the  older  locating  engineers,  are  still  as  necessary  as  eyer,  but  they 
must  be  supplemented  by  scientific  methods  and  hard  work. 

The  statement  in  regard  to  the  final  adjustment  will  possibly  evoke 
«ome  discussion  from  the  many  men  who  have  saved  thousands  of  dol- 
lars by  slightly  changing  a  curve  in  the  field  or  otherwise  after  the 
final  location  is  made,  and  the  writer  will  admit,  of  course,  that  there 
is  hardly  a  line  located  to-day,  or  likely  to  be,  where  every  foot  of  it  is 
exactly  where  it  ought  to  be,  but,  in  anything  but  the  most  minor 
changes,  he  believes  that  the  fault  will  invariably  be  found  in  the  fact 
that  the  original  topographical  map  was  not  correct,  or  the  projection 
not  well  made. 

Provided  the  topography  is  generally  correct,  which  it  should  be 
to  be  of  any  use  at  all,  it  is  possible  to  project  a  line  on  it,  which  will 
be  the  best  line  the  country  affords,  and,  if  the  work  is  properly  done, 
this  line  can  be  laid  out  on  the  ground.  In  adjusting  the  line  to  the 
topography,  the  line  can  be  changed  and  a  profile  obtained  fifteen  times 
on  the  map  while  it  is  being  changed  once  on  the  ground,  and  all  the 
problems  affected  by  the  change  studied. 

The  writer  is  well  aware,  of  course,  that  the  practice  as  outlined  in 
this  paper  will  necessarily  be  subject  to  many  modifications  to  meet 
difi^erent  conditions. 

In  conducting  surveys  in  tropical  countries  or  in  other  places  where 
it  is  difficult  to  obtain  experienced  engineers,  and  then  only  at  largely 
increased  salaries  (in  tropical  countries  about  two  to  three  times  as 
much  as  is  noted  in  this  paper),  other  methods  become  necessary,  but 
the  writer  believes  that  the  same  ends  should  be  striven  for.  In  these 
cases,  there  is  a  great  temptation  to  the  engineer  in  charge  of  such 
work  to  shrink  from  the  responsibility  of  insisting  that  he  be  given 
carte  blanche  by  his  employers  in  the  matter  of  engaging  such  assist- 
ance as  he  may  need  and  in  the  payment  to  them  of  adequate  salaries. 

There  is  much  mountain  country  where  transportation  is  extremely 
difficult,  where  everything  possible  must  be  done  to  lighten  the  equip- 
ment, and  where  a  great  deal  of  reconnaissance  can  be  done  in  more  or 
less  detail  with  a  light  party,  either  by  a  separate  party  ahead  of  a 
larger  one,  or  before  a  larger  party  is  organized  and  put  in  the  field. 
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Sach  a  party  can  do  much  good  work  with  a  transit  used  as  a  levels 
or  by  using  the  stadia,  in  eliminating  certain  entirely  impractical 
lines.  In  any  event,  under  such  conditions,  both  parties  should  be 
controlled  by  the  same  man,  as  what  might  have  been  regarded  as  im- 
practical under  one  set  of  conditions  may  become  entirely  so  under 
others;  all  this,  howeyer,  is  matter  which  will  suggest  itself  to  the 
experienced  locator. 

There  are  probably  many  old  locating  engineers,  many  who  have 
done  excellent  work  with  much  less  equipment  and  fewer  men,  who 
will  hold  up  their  hands  in  horror  against  such  an  organization  and 
equipment  as  is  outlined  here,  but  railroads  themselyes,  as  they  exist 
to-day,  are  all  the  evidence  necessary  to  prove  that  other  methods  than 
those  of  the  past  are  necessary  to  meet  changed  conditions.  Scientific 
methods  must  be  applied  to  the  conduct  of  location,  as  well  as  to  the 
design  of  bridges,  terminals,  locomotives,  etc. ;  in  fact,  on  a  proper 
location  or  otherwise  the  future  of  the  railroad  is  almost  entirely 
dependent. 

In  submitting  this  paper  to  the  consideration  of  the  Society,  the 
writer  does  not  wish  to  be  understood  as  advocating  any  hard  and  fast 
rules  for  railroad  location.  No  two  lines  are  alike,  topography  is  never 
the  same,  and  nothing  will  take  the  place  of  experience,  good  judg- 
ment, and  much  hard  work.  He  knows  there  are  many  good  locating 
engineers  who  entertain  different  ideas,  and  he  hopes  they  will  submit 
them  for  consideration.  He  does  firmly  believe,  however,  that  it  will 
most  certainly  pay  in  the  long  run  to  obtain  in  every  case,  whatever 
the  method  may  be,  at  least  as  much  information  as  was  obtained,  on 
the  work  described,  as  shown  by  the  maps  and  profiles  accompanying 
this  paper. 
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MAXIMUM  RATES  OP  RAINFALL  AT  BOSTON. 


By  Ghablbb  W.  Shbbuan,  M.  Ah.  Sog.  G.  E. 
To  BB  Pbbsbntbd  Fbbbuabt  4th,  1905. 


This  paper  is  in  eifect  a  continuation  of  a  paper  entitled  ''Maxi- 
mum Bates  of  Bainfall,'*  bj  Desmond  FitzG€rald,  Past-President, 
Am.  Soo.  C.  E.,'*' in  which  he  presented  copies  of  the  autographic 
records  of  the  most  important  rain  storms  of  high  intensity  recorded 
by  the  rain-gauge  at  Chestnut  Hill  Beseryoir  during  the  ten  years, 
i  1879-1888.     The  objects  of  the  present  paper  are: 

I  1. — To  put  on  record  in  tabular  form  the  important  data  relating 

to  all  storms  in  which  the  intensity  of  downpour  was  considerable,  as 
recorded  by  the  Chestnut  Hill  gauge  from  1879  to  1904,  inclusive; 
'  2. — ^To  present  copies  of  the  autographic  records  of  rains  of  especial 

interest  since  1888; 

8. — To  discuss  briefly  these  records  in  comparison  with  those 
obtained  elsewhere,  with  especial  reference  to  the  relation  between  the 
intensity  and  the  duration  of  the  downpour. 

1. — Data  of  Maxiicum  Bates  of 
Bainfalij  at  Chestnut  HhiIi  Besbbyoib,  Boston, 
1879-1904. 
Table  1  contains  the  important  data,  except  that  very  few  storms 
having  a  duration  of  more  than  10  hours  are  considered. 

*  Tran9action»,  Am.  Soc.  C.  E.,  Vol.  XXI,  p.  08. 

NoTB.— These  papers  are  Issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proctedinga,  and,  when  finally  closed,  the  papers,  with  discussion 
in  full,  wiU  be  published  In  Tranaactions. 
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TABLE  1. — AMOU19T  and  Intenhitt  of  **Downpoub"  as  Shown  bt 

Bboobding  Bain  Qauoe  at  Chestnut  HiiiL  Besebyoib, 

Boston,  Mass.,  1879-1901. 


(I) 


Date. 


1879.  June  29 

July  16 

Aug.  16-19.. 

Sept.  8 

1880.  JulyOWJl. 

1881.  Jan.  10.... 

June  10-11., 

July  91.... 
Sept.  8-8... 

1882.  July  19...., 

Sept  14.... 
Sept.  22-28 

1888.    June  29 

1884.  June  19 

July  18...., 

1886.  June  28-89 
June  29.... 

July  29. ... , 
Aug.  1 

1885.  Oct.  8-3... 

1886.  July  15 

1887.  July  10.... 
Aus:.20...., 
Oct.  1   

1886.    May  18 

Aug.  12-18., 
Aug.  21-22., 


Sept.  10.... 
Sept.  17-18.. 


(») 


(3) 


Total  Bainfall,  in 
inches: 


standard 

gauge 

at 

ground 
level. 


Byre- 
cording 
gauge. 


1.41 

6!28 

0.48 
1.99 

2.20 

8.88 

0.48 
1.79 
0.82 
0.48 
1.18 
2.56 

0.59 

1.66 

1.19 

1.26 

1.17 

0.81 
1.78 


1.26 
1.74 


1.10 
0.88 
1.00 
1.82 

1.78 

8.44 


1.86 
1.94 


1.07 
0.72 
4.56 

0.44 
1.78 

2.20 

8.50 

0.86 
1.74 
0.88 
0.48 
1.05 
2.88 

0.66 

1.66 

1.14 

1.15 

1.06 

0.76 
1.61 


1.18 
1.69 


0.99 
0.80 
0.96 
1.22 

1.68 

8.28 


1.80 
1.78 


(*) 


Batioof 
Column  8 

to 
Column  2 


0.759 

o'.Tas 

0.917 
0.609 

1.000 

0.914 

0.760 
0.972 
1.000 
0.896 
0.929 
0.084 

0.960 

0.984 

0.958 

0.918 

0.897 

0.988 
0.915 


0.946 
0.914 


0.900 
0.909 
0.960 
0.984 

0.844 


0.968 
0.916 


(») 


(6) 


Amount  of  Down- 
pouT^  in  inches: 


As 
recorded. 


0.86 
0.64 
8.40 
0.86 
0.20 
1.27 
1.00 
2.20 
2.10 
8.50 
2.50 
0.86 
0.76 
0.82 
0.40 
1  00 
2.88 
1.60 
0.56 
0.40 
1.84 
1.55 
0.67 
1.14 
0.97 
1.15 
0.98 
1.06 
0.60 
0.76 
0.50 
1.17 
1.61 
0.25 
0.80 
1.59 
0.80 
0.86 
0.87 
0.41 
0.80 
0.85 
1.82 
1.20 
1.04 
0.96 
8.08 
8.88 
1.50 
8.48 
8.06 
1.84 
1.17 
0.80 


Cor- 
rected. 


1.18 

4!68 
0.48 
0.88 
1.46 
1.16 
8.80 
8.10 
8.88 
8.78 
0.47 
0.78 
0.88 
0.46 
1.06 
8.55 
1.61 
0.69 
0.48 
1.43 
1.66 
D.70 
1.19 
1.06 
1.86 
1.04 
1.17 
0.67 
0.61 
0.58 
1.88 
1.76 
0.87 
0.88 
1.74 
0.88 
0.89 
0.40 
0.46 
0.88 
0.87 
1.88 
1.80 
1.18 
1.09 
8.88 
8.44 
1.60 
S.6R 
8.86 
1.89 
1.87 
0.87 


C) 


Duration 
of  down- 
pour, in 
minutes. 


46 

15 

606 

16 

6 

40 

18 

800 

890 

8100 

480 

18 

85 

18 

18 

46 

786 

166 

80 

8 

68 

840 

6 

185 

98 

470 

68 

815 

15 

126 

25 

70 

865 

1 

7 

460 

8 

10 

16 

15 

8 

20 

480 

150 

00 

46 

800 

540 

60 

190 

180 

190 

180 

00 


(8) 


Inten- 
sity of 
down- 
pour4n 
inches 

hour. 


1.61 
8.56 
0.46 
1.08 
8.68 
8.18 
8.88 
0.17 
0.89 
0.11 
0.84 
8.88 
1.84 
1.48 
1.40 
1.44 
0.80 
0.5a 
1.1» 
8.18 
1.25 
0.43 
8.40 
0.68 
0.86 
0.16^ 
0.99 
0.88 
8.68 
0.89 
1.86 
1.10 
0.89 
16.40» 
8.72 
.88 
8.46 
8.86 
1.69 
1.89 
9.48 
1.09 
0.19 
0.59 
1.18 
1.46 
0.97 
0.88 
1.80 
1.99^ 
1.09 
0.41 
0.64 
0.87 


*  Time  interval  estimated  on  diagram  as  not  more  than  1  minute.  It  is  possible  that 
float  had  been  stuck  and  was  released  at  this  point,  but  diagram  shows  nouiing  to  cast 
discredit  on  the  record. 
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TABLE  l—(€k>ntinued). 


(1) 


Date. 


1880.    May  80-01. 


Jooe  S 

Junes 

June  17 

July  17 

AuK.l 

Aug.  14 

Sept,  11 

1890.  July96 

July  81 

Aug.  0 

Aug.  19-90,... 

1891.  Sept.  5-7. 

Oct.  7-8 

1890.    June  17. 

Julys 

l»e.    JuJySS 

Aug.  12 

1893.  May87 

Julyl8 

July  38 

Aug.  ((-7 

1894.  July81-2S.... 

July  96 

Aug.  80 

Sept.  8. 

1896.  July  18 

July  80 

Aug.7 

Aug.  18 

Sept  11 

Oct.  18-14.... 
Oct.  81-Nov.  1 
Nov.  14-16 

1886.    Sept.  5-8. 

1897.  June  15 

July  98 

Aug.  4 


(»> 


(8) 


Total  RainfaU,  In 
Inches: 


Btanoard 
gauge 

at 

ground 

level 


8.17 


1.59 
0.47 
0.45 
0.75 
0.51 
1.60 
1.86 
0.96 


0.47 
0.81 
0.76 
8.88 

8.46 


1.18 


0.74 
0.44 
8.10 


0.48 
0.78 
O.OT 
1.48 
1.44 
0.88 
1.40 


0.84 
0.45 
0.68 
1.48 

1.17 


0.76 
7.55 
8.86 
1.86 

1.67 
0.88 
1.74 


0.88 


By  re- 
cording 
gauge. 


8.19 


1.66 
0.47 
0.41 
0.68 
0.48 
1.51 
1.04 
0.01 


0.44 
0.84 
0.72 
8.55 

2.12 


1.07 


0.66 
0.34 
2.17 


0.48 
0.78 
0.74 
0.96 
1.43 
0.77 
1.42 


0.84 
0.45 
0.68 
1.46 

1.20 


0.76 


2.48 
1.60 

1.68 
0.82 
1.67 


0.86 


(*) 


Ratio  of 
Column  8 

to 
Column  2 


1.006 


0.075 
1.000 
0.978 
0.906 
0.941 
0.944 

o.no 

0.046 


0.986 
1.096 
0.060 
0.908 

0.866 


0.907 


0.898 
0.772 
0.990 


1.081 
1.000 
1.106 
0.642 
0.906 
0.980 
1.014 


1.000 
1.000 
1.000 
0.080 

1.006 


1.000 


0.860 
0.860 

0.076 
I.OUO 
0.002 


0.080 


(») 


(6) 


Amount  of  Down- 
pour, In  Inches: 


Ab 
recorded. 


1.80 
0.56 
0.15 
0.80 
0.80 
0.80 
0.47 
0.26 
0.81 
0.20 
0.01 
0.88 
0.20 
0.42 
0.80 
0.40 
1.25 
0.60 
8.12 
1.00 
0.60 
1.07 
0.80 
0.58 
0.27 
0.82 
2.17 
1.80 
0.80 
0.40 
0.78 
0.80 
0.68 
1.07 
0.86 
1.40 
0.60 
1.00 
0.24 
0.28 
0.60 
1.46 
0.86 
1.20 
0.80 
0.40 
0.70 


1.60 
0.40 
0.26 
0.20 
0-80 
0.88 
0.78 
0.62 
U.40 
J  0.80 
^0.16 


Cor- 
rected. 


1.20 
0.66 
0.16 
0  81 
0.80 
0.81 
0.68 
0.27 
0.88 
0.26 
0.06 
0.88 
0.21 
0.46 
0.27 
0.42 
1.88 
0.66 
2.45 
2.10 
0.60 
1.18 
0.88 
0.67 
0.80 
0.41 
2.10 
1.81 
0.20 
0.80 
0.78 
0.27 
0.81 
1.08 
0.27 
1.88 
0.60 
0.00 
0.27 
0.28 
0.60 
1.48 
0.86 
1.17 
0.78 
0.80 
0.70 


1.76 
0.47 
0.20 
0.21 
0.80 
0.08 
0.80 
0.60 
0.44 
0.88 
0.17 


(7) 


Duration 
of  down- 
pour. In 
minutes. 


(8) 


Inten- 
sity of 
down- 
pour, in 
inches 

hour. 


106 
86 

6 

0 

6 
15 
11 

4 
18 

6 
886 
60 

8 
80 

6 

11 

60 

16 

76f» 

870 

46 

110 

80 

15 

7 
15 
600 
80 
11 
17 
45 
12 
11 
28 

8 

280 

18 

86 

7 

7 
00 
866 

8 

886 

80 

7 

17 

8885 

180 

86 

0 

6 

0 
60 
88 
80 
10 
16 

4 


0.74 
1.81 
1.50 
8.06 
8.00 
1.88 
8.82 
8.08 
1.64 
8.18 
0.96 
0.88 
4.81 
0.00 
8.88 
8.87 
1.88 
8.82 
0.10 
0.40 
0.98 
0.64 
1.76 
2.29 
2.69 
1.66 
0.26 
2.62 
1.60 
1.88 
0.07 
1.86 
4.41 
2.04 
5.82 
0.80 
2.78 
1.60 
2.12 
1.07 
0.40 
0.84 
2.68 
0.26 
1.56 
8.84 
2.47 
0.10 
0.60 
1.12 
1.04 
2.06 
2.00 
1.17 
1.71 
2.06 
2.66 
1.80 
2.61 
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TABLE  l'-(Corftinued). 

(1) 

(») 

(3) 

(4) 

(») 

(•) 

(V 

(8) 

Total  Rainfall,  in 

Amount  of  Down- 

inches: 

Ratio  of 

pour,  in  inches: 

Duration 

Inten- 
sity of 
down- 
pour, in 
Inches 

hour. 

Date. 

standift-d 

Byre- 
cording 
gauge. 

Column  8 
to 

of  down- 
pour, in 

ground 

Column  2 

As 
recorded. 

Cor- 
rected. 

minutes. 

level. 

1897.    Augr.a2 

0.62 

0.66 

1.064 

O.OT 

0.64 

20 

1.61 

Sept.  16 

0.88 

0.88 

1.000 

0.18 

0.18 

6 

.     1.80 

Sept.  90 

1898.    July  4 

0.98 

1.00 

1.021 

0.66 

0.66 

16 

2.19 

0.75 

0.81 

1.080 

0.68 
0.69 

0.68 

80 

1.96 

0.56 

16 

2.19 

Oct.  21-22 

1.49 

1.26 

0.889 

0.16 

0.18 

8 

8.67 

1899.    Julys 

0.69 

0.60 

0.848 

0.11 

0.18 

2 

8.90 

July  26 

0.80 

0.82 

0.921 

0.11 

0.18 

6 

1.96 

July  27 

0.29 

0.29 

1.000 

0.21 

0.21 

7 

1.80 

Aug.  22 

2.88 

2.27 

0.974 

r2.2r 

1.65 
0.17 
0.41 
2.00 

2.88 
1.69 
0.17 
0.42 
2.06 

86 
22 
16 
16 
60 

1.65 
.   4.62 
0.70 
1.68 
2.06 

Sept  90 

8.84 

8.18 

0.962 

8.18 
2.20 

8.84 
2.81 

460 
180 

0.44 
1.07 

Oct.  18. 

0.61 

0.64 

0.886 

0.80 

0.84 

26 

0.81 

1900.    Jan.95 

0.67 

0.66 

0.966 

0.18 

0.18 

8 

1.01 

Aug.  16 

0.89 

0.40 

1.026 

0.26 

0.84 

15 

0.98 

Aug.  16 

0.72 

0.67 

0.980 

0.10 

0.11 

8 

8.16 

Sept.  17 

2.02 

1.80 

0.881 

jl.80 
11.10 

1.46 

180 

0.49 

1.28 

180 

0.62 

Nov.9 

0.49 

0.47 

0.9.M) 

0.80 

0.81 

8 

2.86 

1901.    July  29 

2.10 

1.90 

0.906 

(1.90 
io.70 

2.10 

880 

0.88 

0.77 

60 

0.77 

Aug.7 

1.46 

1.48 

0.966 

0.86 

0.86 

10 

.2.18 

Aug.  26 

2.10 

2.90 

1.047 

1.96 

1.86 

66 

1.72 

1904.    Sept.  14-16.... 

8.84 

8.78 

0.964 

8.66 

8.68 

610 

0.48 

2. — Copies  of  Bboobds. 

The  character  of  the  records  and  the  usnal  characteristics  of  the 
rain  storms  of  high  intensity  are  shown  so  well  by  the  plates  accom- 
panying Mr.  FitzG«rald's  paper  that  no  nsefnl  object  would  be  served 
by  the  presentation  of  other  records,  except  in  the  case  of  storms  of 
more  than  ordinary  interest.  Fig.  1  contains  the  records  of  three 
such  storms. 

The  record  for  Jnly  21st  and  22d,  1894,  showed  a  downpour  amount- 
ing to  1.08  in.  in  22  min.,  when  corrected  for  elevation  of  the  gauge, 
or  a  rate  of  2.94  in.  per  hr. ;  and  this  rate  was  maintained  with  almost 
absolute  uniformity  for  the  whole  22  min. 

The  rain  of  August  22d,  1899,  is  one  of  the  most  interesting  ever 
recorded  by  this  gauge,  in  that  it  shows  a  precipitation  in  excess  of  2 
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in.  in  a  single  honr  (to  be  precise,  2.05  in.  in  60  min.).  It  also  shows 
the  nnnsnal  intensities  of  1.65  in.  per  hr.  for  85  min.  and  4.62  in.  per 
hr.  for  22  min.  As  far  as  the  writer  is  aware,  but  one  other  storm 
having  a  greater  intensity  than  2  in.  per  hr.  for  60  min.  has  eyer  been 
registered  by  a  recording  rain-gauge  in  the  eastern  part  of  the  United 
States,  that  of  Angnst  8d,  1898,  at  Philadelphia.* 

The  rain  of  September  20th,  1899,  is  of  interest  principally  on 
account  of  the  long  time  during  which  a  comparatiyely  high  intensity 
was  maintained,  1.07  in.  per  hr.  for  2  hr.  10  min. 

COPY  OF  RECORDS  MADE  BY  RECORDING  RAIN  GAUGE. 
OF  CHESTNUT  HILL  RESERVOIR.  BOSTON,  MASS. 


Fio.  1. 


3.— Discussion  and  Coicpabibon  of  Bbcobds. 
The  relation  between  the  intensity  of  precipitation  and  the  dura- 
tion of  downpour  for  each  of  the  storms  included  in  Table  1  is 
shown  on  the  diagrams,  Plate  LI.  The  upper  or  full  curve  is  in- 
tended to  represent  the  maximum  intensity  of  rainfall  for  any  period, 
as  far  as  it  may  be  determined  from  these  records.    Its  equation  is 

38.64 
i  =  ^ — ,  in  which  i  represents  intensity  of  precipitation,  in  inches 

per  hour;  and  /  its  duration,  in  minutes.     It  will  be  noted  that  none 

*  This  most  interestinff  Btorm,  reported  by  Hr.  A.  J.  Henry,  of  the  U.  S.  Weather 
Bureau,  io  the  Journal  of  the  Western  Society  of  Engineers  for  April,  1809,  had  Intensl- 
tiee  88  foUows: 

7.90  in.  per  hr.  for     6  min. 

5.18    "     "     "      "     16     *' 

4.08    "     "     "       "     40     " 

8.78    "     "     "      "     TO     »' 

2.96    "     "     *'      "    110     *' 
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of  the  observed  points  falls  beyond  this  curve.     The  lower  or  broken 

onrve  is  intended  to  represent  the  greatest  intensity  of  precipitation 

for  any  period  which  it  would  ordinarily  be  necessary  to  consider  in 

engineering  design,  storms  of  greater  intensity  being  of  rare  occnr- 

25.12 
rence.     It  is  represented  by  the  equation  i  =      ^^^.. 

£.  S.  Dorr,  M.  Am.  Soc.  G.  E.,  studying  the  records  of  this  rain 
gauge,  when  the  series  included  only  14  years,  concluded  that  the 

150 
expression  t  =  included  all  rainfalls  which  it  would  be  neces- 

sary  to  consider  in  designing  combined  sewers  for  the  City  of  Bos- 
ton.* For  periods  greater  than  20  min.,  this  curve  differs  but 
slightly  from  the  lower  curve  proposed  in  Plate  LI,  as  may  be  seen  by 
reference  to  Plate  LII. 

Comparison  with  other  Records. — A,  N.  Talbot,  M.  Am.  Soc.  C.  E., 
has  noted  that  the  maximum  rates  of  rainfall  seem  to  be  very  uniform 
in  different  parts  of  the  United  States  (east  of  the  Bocky  Mountains), 
and  has  deduced  a  maximum  and  an  ordinary  curve  as  applicable  to 
the  whole  country,  f  It  is  of  interest,  therefore,  to  compare  with 
these  records  and  curves  those  obtained  from  other  observations. 
Such  a  comparison  is  shown  on  Plate  LII,  on  which  are  plotted  the 
following  lines: 

A.  **  Maximum  "  curve  for  Boston,  proposed  in  this  paper; 

38.64 
1  =  — — . 

^•687 

B.  **  Ordinary  "  curve  for  Boston,  proposed  in  this  paper; 

.      25.12 
t  — . 

/«*687 

G.  ** Ordinary"  curve  for  Boston,  proposed  by  E.  S.  Dorr  in 

1892; 

.         150 
*  ~  /  -f  30* 

D.  Line  of  maximum  rainfalls  at  Chicago,  as  determined  by 

Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C.  E.J 

E,  Line  of  maximum  intensity  of  rainfall  at  Washington  for  the 

16  years,  1881-1896,  as  reported  by  Mr.  Alfred  J.  Henry.J 

*  "Report  of  Street  nepartment,  Boston,"  180B,  p.  117. 

t  ''  Rates  of  Maximum  RainfaU/'  The  Technograph,  1891-02.  Abstracted  In  Enai" 
neering  News,  July  2lBt,  1892,  p.  07. 

J:  ''  Tables  of  EzoessiTe  Precipitations  of  Rain  at  CbicMO,  Dl.,  from  1889  to  1897,  In- 
▼e."    Journal  of  the  Western  Society  of  Engineers,  February,  1899. 
%  "  Excessive  Precipitation  in  the  United  States.''    Monthly  Weather  Revieto,  Jan- 
uary, 1897.    (Abstract  in  Engineering  NetDS,  June  24th,  1897,  p.  W6.) 
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F.  **  Maximum*'  cnrye  for  eastern  United  States,  proposed  bj 
A.  N.  Talbot,  M.  Am.  Soc.  C.  E.;* 

._     860 

*  -  <  4-  30' 

G.  **  Ordinary  "  curve  proposed  by  Professor  Talbot; 

._    105 

*  ""  *  +  15* 

In  addition  to  these  curves,  points  have  been  plotted  on  Plate  LII 
to  show  excessive  rates  of  rainfall  noted  at  other  stations  in  the  United 
States,  as  well  as  the  extreme  rates  recorded  at  Chestnut  Hill  Reser- 
voir.   These  points  are: 

a.  Extreme  records  at  Chestnut  Hill  Reservoir.    (Marked  by 

circles.) 

b.  Storm  of  August  3d,  1898,   at  Philadelphia.!  (Marked  by 

crosses. ) 

c.  All  the  excessive  rainfalls  reported  by  Major  R.  L.  Hoxie,  M. 

Am.  Soc.  C.  E.,  which  occurred  in  the  United  States.  J  This 
includes  the  great  rain  of  October  3d  and  4th,  1869,  reported 
by  the  late  James  B.  Francis,  Past-President,  Am.  Soc.  C. 
E.;{  also  two  storms  reported  in  Trautwine's  **  Civil  Engi- 
neer's Pocket  Book"  as  follows: 
**In  July,  1842,  6  inches  fell  in  2  hours.  .  .  .  During  a 
tremendous  rain  at  Norristown,  Pa. ,  in  1865,  the  writer  saw 
evidence  that  at  least  9  inches  fell  in  5  hours."  (Points 
marked  by  plusses. ) 

d.  Heavy  rains  near  St.  Louis,  reported  by  Francis  E.  Nipher  in 

a  letter  to  the  American  Engineer,  May  8th,  1885.  (Marked 
by  crosses  within  circles.) 

«.  The  maximum  precipitation  registered  by  the  recording  rain 
gauge  at  Ithaca,  N.  Y.,  as  reported  by  James  H.  Fuertes, 
M.  Am.  Soc.  C.  E.  ||  (Marked  by  a  triangle.) 

/.  The  highest  points  shown  on  Professor  Talbot's  diagram  for 

the  New  England  and  North  Atlantic  States,  in  the  paper 

previously  quoted.  (Marked  by  rectangles.) 

*  The  Ttchnography  1891-1898;  Engineering  News,  July  2l8t,  1892. 
t  A.  J.  Henry  in  JoumcU  of  the  Western  Society  of  Engineers,  April,  1899. 
X  "^  Exoeasive  Rainfalls  Considered  with  Especial  Reference  to  their  Occurrence  in 
Populous  Districts.''    Transactions^  Am.  Soc.  C.  B.,  Vol.  XXV,  p.  70. 
I  Transactions,  Am.  Soc.  C.  E.,  Vol.  VII,  p.  804. 

I  *' Rates  of  Precipitation  in  Rain  Storms  at  Ithaca,  N.  T."  Engineering  News,  Sep- 
tember aOth,  1894,  p.  896 
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In  examining  Plate  LI  it  is  at  once  seen  that,  with  the  exception  of 
Professor  Talbot's  '< maximum"  cnrve,  the  ''maximum"  curve  ob- 
tained from  the  Chestnut  Hill  records  is  the  highest  of  any;  and  that 
the  "ordinary  "  curve  derived  in  this  paper  does  not  differ  widely  from 
Professor  Talbot's  ''ordinary"  curve,  nor  from  any  of  the  others 
shown. 

With  reference  to  the  points  lying  above  the  Chestnut  Hill  "max- 
imum "  curve,  it  should  be  remembered  that  the  only  ones  obtained 
by  a  recording  rain  gauge  are  those  representing  the  Philadelphia 
storm  of  August,  1898.  All  the  others,  therefore,  are  open  to  question 
to  a  greater  or  less  degree.  The  Philadelphia  record,  however,  at 
once  lends  credence  to  the  others  as  being  at  least  approximately  cor- 
rect. It  appears,  then,  that  Professor  Talbot's  "maximum"  curve 
must  probably  be  accepted  as  representing  an  intensity  of  rainfall 
that  should  be  expected  perhaps  once  in  a  century;  except  that  this 
curve  seems  to  give  results  which  are  too  small  for  durations  of  lees 
than  5  min.  or  more  than  about  15  hr.  It  appears,  also,  that,  although 
there  is  nothing  in  the  Chestnut  Hill  records  to  support  such  a  con- 
clusion, such  extreme  rainfalls  must  be  expected  at  Boston,  since  there 
have  been  a  number  of  sufficiently  well  authenticated  storms  of  this 
character  at  no  great  distance  from  Boston,  as  well  as  the  autographi- 
cally  recorded  storm  at  Philadelphia  in  1898. 

Finally,  it  would  appear  that,  for  ordinary  engineering  design, 
such  a  rainfall  as  would  be  shown  by  either  of  the  three  "  ordinary  " 
curves — Mr.  Dorr's,  Professor  Talbot's,  or  that  proposed  in  this  paper 
— would  be  as  heavy  as  there  would  usually  be  necessity  for  consider- 
ing. The  writer  believes  the  last  curve  to  be  better  supported  by  the 
Chestnut  Hill  records.  In  extreme  cases  it  may  be  necessary  to  con- 
sider rainfalls  as  heavy  as  those  shown  by  the  "maximum"  curve 
herein  proposed.  Such  rainfalls  may  perhaps  be  expected  as  often  as 
once  in  8  or  10  years.  Finally,  such  extreme  rainfalls  as  would  be 
shown  by  Professor  Talbot's  "maximum"  curve  (between  the  limits 
of  6  min.  and  15  hr.,  beyond  which  this  curve  gives  results  which  are 
too  low)  must  be  expected  to  occur  at  long  intervals,  perhaps  about 
once  in  a  century. 
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A   RATIONAL  FORM  OF  STIFFENED  SUSPENSION 

BRIDGE. 

Discussion.* 


By  0.  G.  SoHMXEDXB,  M.  Am.  Soc.  G.  E. 


G.  G.   SoHM£iDEBy  M.  Am.   Soo.  G.   E.   (by  letter). — Saspension  Mr.  Schneider* 
bridges  with  eye-bar  chains  in  which  the  stiffening  tinss  is  attached 
to  the  chain  have  been  built  before,  though  on  a  smaller  scale;  in 
fact,  the  eye-bar  chain  was  used  before  the  wire  cable  in  suspension 
bridges. 

The  distinguishing  features  in  the  author's  design  are: 
The  shape  of  the  stiffening  truss  and  the  tower; 
The  shape  of  the  stiffening  truss  varying  in  height  so  as  to  con- 
form with  the  theoretical  requirements. 

The  latter  is  desirable  for  the  greater  stiffness  it  produces,  as  well 
as  its  economy. 

The  tower,  consisting  of  vertical  posts  with  the  chain  fastened  to 
the  top  and  free  to  rock  on  a  jjin-bearing  below,  the  writer  considers 
an  improvement  on  the  braced  tower  with  the  chain  or  cable  fastened 
to  a  saddle  moving  on  rollers. 

The  author's  design  of  a  stiffened  suspension  bridge  compares 
favorably,  ior  rigidity,  with  other  types  of  bridges,  and  is  destined 
to  be  a  rival  of  the  cantilever  for  long-span  railroad  bridges. 

Big^dity  is  a  desirable  quality  in  any  permanent  structure,  and 

more  particularly  in  a  structure  of  such  magnitude,  which  should  be 

built  to  last  for  generations. 

^Continued  from  November,  1904,  Proceedings.  See  August,  1904.  Proceedings  for 
paper  on  this  subject  by  Grustav  Llndenthal,  M.  Am.  Soc.  C.  E. 
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Mr.  SchDelder.       The  late  Gk^orge  S.  Morison,  Past-President,  Am.  Soc.  C.  E.,  ex- 
pressed himself  in  1901  on  the  question  of  stiffiiess  as  follows:* 

"Bridge  specifications,  many  of  which  are  drawn  with  great  care, 
generally  have  the  defect  of  specifying  strength  and  not  providing  for 
stiffness.  Under  such  specifications  two  structures  can  be  accepted 
as  equally  good,  though,  under  a  load,  one  of  them  will  have  twice 
the  distortion  that  the  other  will  have.  For  immediate  safety,  strength 
is  all  that  is  needed ;  for  long  life  of  structure,  stiffness  is  at  least 
equally  important.  This  objection  may  be  raised  to  some  special 
forms  of  trusses,  favored  because  of  their  economy  of  material,  in 
which  much  greater  variations  occur  in  the  strains  of  individual 
members  than  in  differently  designed  trusses  containing  a  little  more 
metal." 

Some  of  the  discussers  have  endeavored  to  make  a  comparison  of 
cost  between  the  wire-cable  supension  bridge  with  an  auxiliary  stiffen- 
ing truss,  and  the  author's  design.  A  fair  comparison  is  only  possible 
if  the  designs  of  the  two  types  of  bridges  are  worked  out  under  the 
same  specifications  and  requirements,  with  the  same  unit  strains  for 
the  floor  system  and  stiffening  trusses  in  each  case. 

The  relative  proportion  of  permissible  unit  strains  on  wire  cable 
and  eye-bar  chain  has  been  established,  in  the  Brooklyn  and  Williams- 
burgh  Bridges,  between  cable  and  anchorage  chain,  which  has  never 
been  questioned  as  being  good  practice. 

The  anchorage  chain  in  the  Brooklyn  Bridge,  with  iron  eye-bars, 
hto  approximately  3^  times  the  section  of  the  wire  cable;  and  the 
anchorage  chain  of  Williamsburg  Bridge,  with  steel  eye-bars,  3  times 
the  section  of  the  wire  cable.  Considering  the  difference  in  strength 
between  the  iron  and  steel  eye-bars,  the  proportion  in  both  cases  is 
nearly  the  same. 

In  accordance  with  this  established  practice,  the  relative  unit 
strains  for  ordinary  steel  eye-bars  and  wire  cable  should  be  as  1  to  3, 
and,  for  nickel-steel  eye-bars,  with  bO%  greater  strength  than  carbon- 
steel  eye-bars,  this  proportion  becomes  1  to  2.  If,  therefore,  a  work- 
ing strain  of  60  000  lb.  per  sq.  in.  is  allowed  on  the  wire  cable, 
30  000  lb.  per  sq.  in.  should  be  allowed  on  the  chain  of  nickel-steel 
eye-bars. 

Bids  on  the  two  designs  should  be  asked  at  the  same  time,  in 
order  to  have  the  same  conditions  as  to  prices  of  material,  labor,  etc. 
This,  in  the  writer's  opinion,  is  the  only  way  to  satisfy  the  public  as 
to  which  of  the  systems  is  the  more  economical.  If  one  design  pro- 
duces a  stiffer  bridge  than  the  other  at  approximately  the  same  cost, 
the  stiffer  bridge  will  be  the  cheaper  in  the  end. 

The  writer,  in  examining  the  feasibility  of  the  author's   design, 

from  a  manufacturer's  point  of  view,  fails  to  find  any  difficult  or 

unusual  features,  as  far  as  the  details  of  the  structural  steelwork  are 

concerned.     The  details  and  connections  can  be  designed  so  as  to  re- 

*  Tranaactions,  Am.  Soc.  C.  E.,  Vol.  XLTI,  pp.  39  and  40. 
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dace  the  Bame  to  ordinary  simple  bridgework,  snoh  as  any  modem  Mr.  Schneider, 
bridge  shop  equipped  for  heavy  work  can  manafaotnre. 

The  members  of  the  stiffening  truss  are  of  moderate  sizes,  and  the 
maximum  sectional  area  of  the  eye-bar  chain  is  only  slightly  in  ex- 
cess of  the  maximum  area  of  the  tension  chord  of  the  Blackweirs 
Island  Bridge. 

From  a  manufacturer's  standpoint,  the  work  involved  in  the 
author's  design  of  a  stiffened  suspension  bridge  is  more  desirable  for 
a  bridge  shop  than  that  of  the  Blackwell's  Island  Bridge,  as  it  is  more 
uniform  and  presents  fewer  complications  in  its  details.  Heavier  and 
more  complicated  work  has  been  manufactured,  and  more  difScult 
problems  of  erection  have  been  solved  heretofore. 

Some  of  the  discussors  have  been  questioning  the  propriety  of  the 
use  of  eye-bars  for  the  cables.  The  eye- bar  has  been  the  principal 
distinguishing  featnre  of  American  bridge  building  from  the  beginning 
of  iron  bridge  construction.  To  condemn  eye-bars  as  tension  members 
in  bridges  would  be  a  condemnation  of  the  entire  American  practice  of 
bridge  building.  Eye-bars  as  tension  members  have  stood  the  test 
of  time  and  have  proved  so  satisfactory  that  they  are  now  need  exclu- 
sively in  all  railroad  bridges  of  long  span.  To  the  writer's  knowledge, 
no  case  is  on  record  of  a  bridge  failing  on  account  of  eye-bars  being 
used  as  tension  members. 

Eye-bars,  in  connection  with  pin-connected  trusses,  have  only 
proved  unsatisfactory  where  they  have  been  used  improperly.  In  the 
early  days  of  bridge  building,  when  economy  in  weight  of  material 
was  the  first  and  almost  only  consideration  of  bridge  designers,  pin- 
connected  trusses  with  eye-bars  were  used  for  very  short  spans,  and 
consequently  lacked  the  rigidity  required  in  good  railroad  bridges. 
The  writer  has  for  years  been  an  advocate  of  substantial  riveted  work 
for  railroad  bridges  for  small  spans,  and  has  been  very  persistent  in 
his  condemnation  of  the  use  of  small  eye-bars.  Even  at  the  present 
i  time  eye-bars  are  abused.     The  writer,  only  recently,  has  seen  pin- 

I  connected  highway  bridges  of  30  to  40  ft.  span  built  with  IJ  by  J-in. 

eye-bars.  Any  eye-bar  less  than  3  by  }  in.  should  be  condemned, 
even  in  the  lightest  kind  of  highway  bridges.  If  the  required  section 
in  the  tension  member  is  too  small  for  3-in.  eye-bars,  riveted  members 
should  be  used,  irrespective  of  the  length  of  the  span.  Pin-connected 
trusses  with  eye- bar  tension  members  for  single-track  railroad  bridges 
of  more  than  200  ft.  span  and  for  double- track  bridges  of  more  than 
150  ft.  span  are  at  the  present  time  considered  good  practice  by  all 
American  bridge  engineers.  Eye-bars  have  been  used  successfully  in 
all  the  large  cantilever  bridges  built  recently,  and  will  be  used  in  the 
Quebec  Bridge,  which,  when  completed,  will  be  the  longest  span  in  the 
world.  It  is  well  known  to  those  who  have  had  experience  in  the 
manufacture  of  eye-bars  that  they  are  generally  the  cheapest  members 
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Mr.  Schueider.  in  a  bridge.  The  cost  of  mannfaotare  per  pound  decreases  as  the  size 
and  length  of  the  bar  increases.  The  larger  and  longer  the  bar,  the 
cheaper  the  cost  per  ponnd.  Eye-bars  of  14  and  15  in.  in  width  haye 
been  manufactured  in  large  quantities,  and  a  number  of  experimental 
bars,  16  by  2  in.,  have  also  been  manufactured  successfully.  Either 
of  the  above-mentioned  sizes  could  have  been  used  in  the  author's 
design.  Eye-bars  are  used  in  the  anchorages  of  most  of  the  large 
suspension  bridges,  such  as  the  Brooklyn  and  Williamsburgh  Bridges^ 
and,  as  the  anchorage  is  a  continuation  of  the  cable,  there  is  no  good 
reason  why  eye-bar  chains  should  be  condemned  for  one  portion  of 
the  cable  and  used  for  the  other. 

The  eye-bar  chain  has  the  advantage  that  the  sectional  area  can  be 
varied  to  accommodate  the  variations  of  the  strains  in  the  same,  while 
it  is  necessary  to  give  the  wire  cable  the  required  maximum  sectional 
area  throughout  its  entire  length. 
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ON  SMITH  AVENUE,  ST.  PAUL,  MINN., 

AUGUST  20TH,  1904. 

Discussion.* 


By  Messrs.  Theodore'  Cooper  and  George  E.  Gippord. 


Theodore  Cooper,  M.  Am.  Soc.  0.  E.  (by  letter. )— Mr.  Turner  Mr.  Cooper, 
deserves  the  thanks  of  the  Profession  for  his  inyestigation  of  the 
wreck  of  the  St.  Paul  bridge.  His  explanation  of  the  failure  appears 
to  be  the  probable  one.  For  many  years  the  "writer  has  watched  the 
reports  of  tornadoes  and  their  effects,  and  has  yet  to  find  a  case  of  a 
properly  designed  and  constructed  bridge  which  has  been  destroyed  by 
the  wind. 

While  many  bridges,  roofs  and  other  structures  have  been  over- 
turned or  destroyed  by  the  wind,  the  writer  has  not  found  one  case 
which  indicated  that  the  modern  requirements  for  wind  bracing  have 
proved  inefficient.  In  numerous  cases,  the  wind  has  been  made  the 
cloak  to  cover  the  ignorance,  inexperience,  neglect  or  chicanery  of  the- 
designer  01^  builder.  The  wind  has  been  very  much  maligned,  and, 
in  the  writer's  opinion,  its  power  has  been  very  much  over-estimated. 

*Thi8  diflcuflslon  (of  the  paper  by  0.  A.  P.  Turner,  M.  Am.  Soc.  C.  E.,  printed  in  Fro- 
ceedings  for  November,  1904),  is  printed  in  Proceedings  in  order  that  theTiews  expressed' 
may  be  brought  before  all  members  of  the  Society  for  further  discussion. 

Conmiunications  on  this  subject  received  prior  to  January  28th,  1906,  wiU  bfr 
published  subsequently. 
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Mr.  Cooper.  While  preparing  the  Erie  Specifications,  in  1879,  the  writer  found 
a  memorandum,  by  the  late  George  S.  Morisoo,  Past-President,  Am. 
Soc.  C.  E.,  formerly  Principal  Assistant  Engineer,  giving  the  sizes  of 
lateral  rods  in  such  spans  as  -were  acting  stiffly  under  the  trains. 
Using  this  as  a  guide,  and  also  finding  that  it  corresponded  very  closely 
with  the  results  of  30  lb.  per  sq.  ft.  of  exposed  surface,  a  lateral  force 
per  linear  foot  of  span  was  adopted  for  **  wind  and  vibration." 

A  few  years  ago  it  was  brought  to  the  writer's  attention  that,  under 
modem  train  loads  and  speeds,  this  rule  did  not  give  sufficient  rigid- 
ity, and  in  his  later  specifications  it  has  been  increased  one-third. 

This  amount  of  lateral  stiffness,  therefore,  is  needed  in  bridges  of 
ordinary  lengths  of  span,  regardless  of  the  wind,  and,  as  it  has  proved 
satisfactory  under  the  wind  forces  also,  there  is  no  reason  for  chang- 
ing it,  except  it  be  found  desirable  to  give  increased  stiffness  under 
moving  loads. 

All  authorities  agree  that  an  absolutely  steady  wind  is  unknown; 
that  the  wind  is  a  series  of  eddies  and  gusts;  that  the  records  of 
anemometers  are  only  the  measures  of  the  highest  gusts  upon  small 
areas  and  only  represent  an  instantaneous  and  limited  effect.  It  fol- 
lows naturally  that  on  larger  areas  the  average  pressure  at  any  moment 
will  be  less  than  that  recorded  by  the  pressure  gauge.  At  the  Forth 
Bridge  the  pressure  on  a  surface  of  20  by  15  ft.  was  practically  only 
about  two-thirds  of  that  shown  on  a  gauge  having  an  area  of  Ij^  sq.  ft. 
For  larger  spaces  the  reduction  would  probably  be  still  more  marked. 
The  irregular  waves  of  a  field  of  grain  acted  upon  by  the  wind  make 
clear  to  an  observer  the  effects  of  the  gusts  and  why  on  large  spaces 
the  full  effect  is  never  possible  at  any  one  instant. 

Since  Smeaton's  time  a  wind  of  100  miles  per  hour  has  been  rated 
as  one  that  would  uproot  trees  and  move  buildings.  Such  a  wind, 
according  to  accepted  formulas,  would  exert  a  maximum  pressure  of 
40  lb.  per  sq.  ft.  on  small  areas.  A  pressure  of  25  lb.  per  sq.  ft.  acting 
at  the  same  moment  on  large  areas  would,  in  the  writer's  opinion, 
denude  a  district  of  trees  and  buildings,  and  it  is  very  unlikely  that  a 
wind  of  100  miles'  velocity  exerts  a  force  greater  than  this  on  objects 
of  ordinary  size. 

General  Greeley,  of  the  United  States  Signal  Service,  in  1890,  after 
the  Louisville,  £y.,  tornado,  stated: 

'*  As  bearing  upon  the  strength  of  structures  necessarv  to  withstand 
tornadic  winds,  it  is  important  to  note  that  there  have  been  very  few 
cases  recorded  of  wind  velocities  in  the  United  States  where  the  press- 
ure of  the  wind,  according  to  the  latest  investigations  and  accepted 
formulae,  exceeded  16  lb.  to  the  square  foot." 

The  severest  effects  of  the  wind  occur  in  the  paths  of  tornadoes. 
These,  however,  are  very  limited  in  their  breadths,  the  high  pressures 
or  destructive  effects  being  limited  to  a  few  hundred  feet,  and  then 
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the  resnltB  are  nsnally  recognized  as  being  dne  to  the  oscillation  of  Mr.  Oooper. 
the  path  of  a  single  Tortex  or  of  a  series  of  vortices  following  one 
another.  It  is  probable  that  the  destrnctive  action  of  a  single  vortex 
does  not  exceed  a  breadth  of  about  60  ft.,  as  has  been  frequently  ob- 
served. Moreover,  being  a  rotating  force,  it  conld  not  exert  its 
pressure  in  any  one  direction  for  more  than  half  its  breadth. 

The  estimated  pressures  or  velocities  to  produce  the  greatest 
recorded  results,  such  as  lifting  locomotires,  breaking  off  the  top  of 
an  obelisk,  twisting  iron  bars,  driving  straws  through  pine  boards, 
etc.,  amount  to  only  about  150  lb.  per  sq.  ft.  or  200  miles  per  hour. 

Julius  Baier,  M.  Am.  Soc.  C.  E.,  in  his  excellent  paper  on  the  last 
St.  Louis  tornado,*  found  evidences  of  pressures  as  high  as  60  lb. 
over  a  length  of  180  ft. 

At  the  St.  Charles  Bridge,  the  late  C.  Shaler  Smith,  M.  Am.  Soc. 
C.  E.,  reported  a  tornado  which  exerted  a  pressure  of  52  lb.  on  small 
objects  on  the  bridge  and  84  lb.  in  the  vicinity,  and  which  did  not 
injure  the  bridge,  although  its  bracing  was  only  proportioned  for  30  lb. 
per  sq.  ft.  of  exposed  surface.  He  also  found,  after  following  up  the 
paths  of  several  tornadoes,  but  one  case  where  60  ft.  of  width  was  not 
i  eaongh  to  cover  the  path  within  which  the  computed  pressures 

I  exceeded  W  lb. 

Many  careful  investigators  of  the  effects  of  high  winds  and  torna- 
does have  concluded  that  it  is  very  improbable  if  they  ever  exert  an 
effect  of  30  lb.  per  sq.  ft.  over  a  space  of  150  to  200  ft. ,  at  one  time. 

When  one  considers  then  the  lateral  force  for  which  bridges  have 
been  designed  and  the  limiting  strains  allowed  for  all  bracing,  one  has 
a  right  to  expect  that  any  properly  designed  and  constructed  bridge 
will  escape  injurious  effects  from  high  winds  or  tornadoes.  However 
strong  the  bridges  may  be  braced,  if  they  are  not  properly  anchored 
down  or  stayed  against  being  shoved  off  their  seats — two  very  common 
faults — ^they  may  at  some  time  fail. 

Begardless  of  the  very  strong  probability  that  a  lateral  force  equal 
to  the  ordinary  requirements  of  our  specifications  is  never  exerted  by 
the  highest  winds  on  spans  of  more  than  150  ft.  and  not  oftener  than 
once  in  a  generation  on  shorter  spans,  the  bracing  due  to  such  require- 
ments could  not  be  reduced  without  rendering  these  bridges  ineffi- 
cient against  the  vibrations  of  moving  loads.  But  an  era  of  very  long 
spans  has  been  entered,  in  which  it  is  desirable  and  necessary  to  take 
a  broader  view  of  this  subject. 

To  design  a  2  000  to  3  000-f t.  span,  which  the  writer  believes  will  not 
be  an  uncommon  length  for  the  next  generation  of  bridge  builders, 
and  may  even  occur  as  a  case  for  some  of  the  present  generation, 
under  the  same  wind  requirements  as  for  spans  of  500  ft.  and  less, 
would  be  very  unscientific  and  wasteful. 

*  "  Wind  Pressare  in  the  St.  Louis  Tornado  with  Special  Reference  to  the  Necessity 
of  Wind  Bracing  for  High  Buildings,"    Transactions,  Am.  Soc.  C.  E. ,  Vol.  XXXYIl,  p.  821 . 
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Mr.  Cooper.  The  development  of  these  longer  spans  and  the  limitation  of  the 
greatest  possible  span  depend  very  largely  upon  the  assumed  wind 
force.  The  wind  force,  being  practically  a  horizontal  force,  while  the 
dead  and  live  loads  are  vertical  forces,  any  unnecessary  material  added 
for  impossible  wind  forces  is  a  detriment  to  the  structure  and  a  handi- 
cap against  progress. 

Sir  Benjamin  Baker  gives  the  following  resultant  stresses  per 
square  inch,  on  the  top  and  bottom  members  of  the  Forth  Bridge  for 
dead,  live  and  wind  forces,  in  tons. 

Dead  load.       Liyeload.       Wind.       Total. 

Top  member 4.4  2  1.1         7.5 

Bottom  member 2.8  1.2  3.5         7.5 

Bearing  in  mind  that  an  important  part  of  the  dead  load  was  due 
to  the  material  added  for  the  wind  stresses,  it  will  be  seen  that  in  the 
lower  members  the  wind  exerted  a  greater  influence  than  the  dead  and 
live  loads  together. 

The  Board  of  Trade  required  the  Forth  Bridge  to  be  built  to  resist 
a  **  wind  force  of  56  lb.  per  sq.  ft.,  strikiDg  the  whole  or  any  part  of 
the  bridge  at  any  angle  upon  an  area  equivalent  to  twice  the  plane 
surface  of  the  front  girders,  with  a  reduction  of  50^  in  case  of  tubes.'* 

Fifty -six  pounds  per  square  foot  of  surface  striking  simultaneously 
a  length  of  1  700  ft.,  when  the  highest  possible  claim  that  could 
reasonably  be  made  from  the  evidences  of  the  worst  known  storms 
would  not  give  this  pressure  over  200  ft. ! 

It  may  be  unnecessary  to  say  that  this  requirement  was  imposed 
upon  the  eminent  engineers  of  this  bridge,  and  was  not  the  result  of 
their  own  conclasions. 

It  might  be  possible  that  a  wind  force  of  56  lb.  per  sq.  ft.,  cover- 
ing a  lateral  extension  of  1  700  ft.,  through  its  oscillatory  movements, 
could  occur,  but,  from  all  the  evidence  of  the  character  and  action  of 
such  high  winds,  it  is  impossible  to  conceive  of  such  a  wind  striking 
a  simultaneous  blow  of  this  force  over  100  ft.  of  lateral  distance. 

The  absurd  requirement  forced  upon  the  Forth  Bridge  should  not 
be  accepted  as  a  precedent.  It  is  time  that  a  more  rational  require- 
ment for  long  spans  should  be  attempted. 

For  spans  up  to  about  500  ft.  the  existing  requiren^ent  of  a  fixed 
lateral  force  per  foot  of  span  should  not  be  relaxed,  as  it  is  desirable 
to  have  this  much  rigidity  against  the  action  of  moving  loads. 

For  very  long  spans,  where  the  exposed  surfaces  become  much 
larger,  the  lateral  force  sufficient  to  give  rigidity  under  movmg  loads 
may  not  be  enough  to  provide  for  possible  wind  forces. 

For  all  spans  exceeding  500  ft.  in  length  the  writer  would  suggest 
the  following  wind  forces  as  sufficient  to  cover  all  cases. 

First. — A  wind  force  of  50  lb.  per  sq.  ft.  acting  at  the  same 
moment  over  a  width  of  60  ft.,  striking  any  part  of  the  bridge  at  any 
angle  within  30%  above  or  below  the  horizontal; 
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Second. — Similarly,  a  wind  force  of  30  lb.  over  a  width  of  600  ft. ;      Mr.  Cooper. 

TAirfif.— Similarly,  a  wind  force  of  15  lb.  over  a  width  of  2  000  ft. ; 
the  maximum  stresses  from  either  of  these  requirements  to  be  used  for 
proportioning  each  member. 

As  all  these  requirements  are  far  beyond  what  recorded  evidence 
would  lead  us  to  believe  as  probable;  as  their  duration,  should  they 
occur,  is  for  a  very  short  time,  acting  on  a  mass  of  great  inertia;  and 
as  their  recurrence  would  only  be  at  long  intervals  of  time,  engineers 
would  be  justified  in  using  high  unit  strains  for  the  combined  dead, 
live  and  wind  loads.  Assuming  that  for  very  long  spans  two-thirds  of 
the  elastic  limit  of  the  material  for  dead  and  live  loads  combined  is 
not  exceeded,  they  could  use  safely  Bd^^o  more,  or  eight-ninths  of  the 
elastic  limit  for  the  dead,  live  and  wind  strains  combined,  for  the  truss 
members. 

Though  the  foregoing  wind  requirements,  in  the  writer's  opinion, 
are  excessive,  they  are  so  much  more  reasonable  than  the  usual  ones 
specified  for  long-span  bridge  projects  that  it  is  desirable  to  have 
them  discussed. 

Their  acceptance,  after  such  modifications  as  may  be  developed  by 
•discussion,  would  vastly  improve  the  possibilities  of  future  long- span 
bridges. 

Geoboe  E.  Gifpokd,  M.  Am.  Soc.  C.  E. — The  speaker  believes  that  Mr.  oifford. 
the  probable  cause  of  the  disaster  which  forms  the  subject  of  Mr. 
Turner's  paper  is  correctly  stated  by  the  author,  and  in  this  also 
agrees  with  Mr.  Cooper. 

There  is  one  exception  which  night  be  taken  to  the  conclasions 
drawn  by  the  author:  His  statement,  or  rather,  intimation,  that  a 
riveted  structure  with  stiff  members  throughout  would  have  been 
preferable,  does  not  seem  to  be  borne  out  by  the  facts.  It  is  not  clear 
that  the  same  thing  would  not  have  happened,  whatever  the  type  of 
structure,  since  the  failure  seems  to  have  been  caused  by  deficient 
bolting  to  supports,  or  lack  of  dead  weight.  The  dead  weight  might 
have  been  greater,  and  probably  would  have  been,  had  it  been  a  riv- 
eted structure,  but  the  author  does  not  take  this  into  account.  Nor 
would  it  have  been  sufficient  to  hold  the  truss  down,  under  the  condi- 
tions stated,  in  the  absence  of  proper  bolting. 

The  speaker  does  not  at  this  time  intend  to  discuss  the  merits  of 
riveted  versus  pin- connected  trusses,  but  it  is  questionable  whether  a 
riveted  truss  is  preferable,  all  things  considered,  for  a  highway  span 
of  250  ft.  It  certainly  cannot  be  fabricated  in  the  shop  at  a  suffi- 
ciently lower  cost  to  offset  the  additional  material  required  and  extra 
cost  of  erection. 
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THE  STRUCTURAL  DESIGN  OF  BUILDINGS. 
Discussion.* 


By  Messrs.   L.  J.   Johnson,    H.   P.    MACDONAiiD,   E.    P.   Goodrich,. 

M.  S.  Ketchum,  G.  H.  BiiAKEiiEY,  John  B.  Clebhont  and 

Oscar  Lowinson. 


Mr.  Johnson.  I,.  J.  JoHNSON,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Schneider 
has  certainly  done  the  profession  a  great  service  in  publishing  this  paper. 
The  writer  begs  to  express  his  share  of  the  gratitude  for  it.  While  so 
doing,  he  wishes  to  discuss  one  point  which  Mr.  Schneider  brings  up 
— the  weight  of  a  crowd  of  people.  He  is  not  reconciled  to  such  low 
figures  as  Mr.  Schneider  cites  for  this  quantity.  By  his  recommenda- 
tions and  his  assertion,  that  **  a  unifoim  lead  of  40  lb.  per  sq.  ft.  will 
scarcely  ever  be  exceeded  by  a  crowd  of  people,"  he  may  give  the  im- 
pression that  40  lb.  per  sq.  ft.  is  a  fair  estimate  of  the  actual  weight  of 
a  closely  packed  crowd,  an  impression  which  will  not  be  found  to  be 
substantiated  by  facts. 

A  few  months  ago  the  writer  made  some  experiments  on  the  weights 
of  crowds  of  his  students,  and  found  that  156  lb.  per  sq.  ft.  was  attain- 
able without  any  attempt  at  selecting  the  men  or  crowding  them  to 
any  painful  degree  of  personal  discomfort.  Besults  nearly  as  high 
are  reported  by  Mr.  Stoney,  by  Professor  Eemot,  of  Victoria,  and  by 
0.  M.  Spofford,  Assoc.  M.  Am.  Soc.  C.  E.f 

This  knowledge  is  often  important  in  design.  Allowance  for  it,  of 
course,  may  be  made  in  any  way  that  may  be  approved  by  the  judg- 

*  Continued  from  November,  1934,  Proceedings.    See  September,  1004,  Proceedings 
for  paper  on  this  subject  by  C.  C.  Schneider,  M.  Am.  Soc.  C.  E. 
t  Engineering  Newa^  Vol.  LI,  pp.  800  and  4S». 
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PAPERS,  AM.  80C.  C.  E. 
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JOHNSON  ON 

STRUCTURAL  DESIGN  OF  BUILDINGS. 


FiQ.  1.— Obowd  Wkiohino  1  506.8  Lb.,  Total;  or  41.6  Lb.  pbr  Sq.  Ft. 


Fio.  2.— Same  Crowd  as  in  Fio.  1,  but  Less  Scattered. 


Fig.  8.— Crowd  Weiobino  8  018.4  Lb.,  Total;  or  88.8  Lb.  per  8q.  Ft. 
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ment  of  the  designer,  bnt,  in  any  event,   it  should  be  understood  Mr.  Jobnucn . 
clearly  that  150  lb.  per  sq.  ft.  may  be  reached,  or  even  exceeded,  under 
a  crowd  of  people  at  points  subject  to  special  congestion. 

For  example,  students  among  those  -who  formed  the  crowd  above 
mentioned  expressed  the  conviction  that  the  throngs  leaving  the  uni- 
versity football  field  after  large  games  are  at  one  place  compressed 
quite  as  tightly  as  were  the  students  in  this  test.  This  special  conges- 
tion occurs  upon  a  drawbridge  the  width  of  which  between  railings  is 
considerably  narrower  than  the  street  which  leads  to  it.  The  writer 
has  vivid  recollections  of  being  in  crowds  compacted  by  the  bridges  at 
the  Columbian  Exposition  on  Chicago  Day,  where  the  density  of  the 
crowd  must  have  been  quite  as  high  as  that  of  the  crowd  of  students 
when  weighiDg  156  lb.  per  sq.  ft. 

While  150  lb.  per  sq.  ft.  may  be  reached  only  rarely,  80  or  100  lb. 
per  sq.  ft.  must  be  realized  far  more  often  than  is  commonly  supposed. 
A  crowd  of  80  lb.  per  sq.  ft.  can  easily  make  way  so  as  not  to  afford 
serious  obstruction  to  the  progress  of  a  person  who  wishes  to  go 
through  it,  and  a  little  persistence  will  enable  a  person  to  make  his  way 
through  a  willing  crowd  weighing  120  lb.  per  sq.  ft.  The  details  of 
the  experiments  on  which  these  assertions  are  based,  and  a  collection 
of  citations  from  American  and  foreign  authoiities  will  be  found  in 
Engineerhig  Xews,  * 

It  has  occurred  to  the  writer  that  photographs,  showing  just  what 
degree  of  congestion  is  indicated  by  loads  of  about  40,  80,  100  and  150 
lbs.  per  sq.  ft.,  would  be  of  interest  at  this  point.  Consequently,  a 
number  of  volunteers  from  among  the  writer's  students  were  weighed 
and  caused  to  stand  in  a  box  made  for  the  purpose.  This  box  was  6 
ft.  square,  in  the  clear,  inside  measurement,  and  with  vertical  walls, 
5  ft.  9  in.  high,  and  without  a  top.  The  men  filed  into  the  box,  and 
photographs  were  taken  as  the  weights  reached  the  requisite  totals. 
The  camera  was  at  a  window  some  20  ft.  above  the  top  of  the  box,  and 
the  men  were  asked  to  look  up,  so  as  to  be  more  readily  identified  and 
counted,  as  a  check  upon  the  record.  The  results  are  shown  on  Plates 
Lni  and  LIV. 

Figs.  1  and  2,  Plate  LlII,  show  the  same  group  of  students.  In  Fig. 
1  they  are  distributed  over  the  available  area,  and  in  Fig.  2  they  are  as- 
sembled along  one  side  of  it.  These  ten  men  aggregated  in  weight 
1  505.8  lb.,  which,  on  the  36  sq.  ft.,  made  a  load  of  41.8  lb.  per  sq.  ft. 

Fig.  3,  Plate  LlII,  shows  the  same  men  and  ten  additional  men, 
bringing  the  total  up  to  3  013.4  lb.,  and  unit  load  to  83.7  lb.  per  sq.  ft. 

In  Fig.  1,  Plate  LIV,  four  additional  men  bring  the  figures  up  to 
3  601.7  lb.  total  and  100.0  lb.  per  sq.  ft. 

In  Fig.  2,  Plate  LIY,  thirteen  additional  men,  making  thirty -seven 
in  all,  bring  the  reeults  up  to  5  552.5  lb.  total  and  154.2  lb.  per  sq.  ft. 
The  average  weight  of  these  thirty-seven  men  is  seen  to  be  150.1  lb. 
♦  Engineering  Newa^  Vol.  LI,  p.  880. 
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Mr.  Johnson.  In  Fig.  2,  Plate  LIV,  no  attempt  was  made  to  reach  a  maximum, 
but  onlj  a  full  150  lb.  per  sq.  ft.,  and  a  number  of  the  men  testified 
that  the  congestion  seemed  to  be  materially  less  than  that  to  which 
they  are  subjected  upon  the  drawbridge  above  referred  to.  Obviously, 
there  are  several  very  short  men  in  the  picture  who  could  be  replaced 
by  taller  men  occupying  little  or  no  more  room,  and  it  seems  to  be 
clear  that  160  lb.  per  sq.  ft.  is  quite  within  the  possibilities. 

Fig.  3,  Plate  LIV,  is  another  view  of  a  crowd  under  which  the 
average  floor  load  is  41.8  lb.  per  sq.  ft.  The  five  men  shown  are  in  an 
alcove,  4  ft.  square,  and  their  combined  weight  is  669  lb. 

In  the  light  of  these  experiments,  the  writer  is  convinced  that  80 
and  100  lb.  per  sq.  ft.  are  of  common  occurrence  throughout  whole 
aisles  and  passageways,  and  even  125  lb.  cannot  be  infrequent.  The 
writer  knows  of  grand  stands  where  3.3  sq.  ft.  is  the  allowance  per 
person  seat'Cd.  This,  assuming  150  lb.  as  the  average  weight  per 
person,  would  make  45  lb.  per  sq.  ft.,  with  no  allowance  for  the  weight 
of  the  seats  themselves. 

It  is  freely  admitted  that  the  writer's  results  give  figures  greatly  in 
excess  or  those  given  by  the  accepted  authorities  (outside  of  some 
municipal  building  laws),  both  in  the  United  States  and  in  Europe, 
but  the  experiment  is  one  very  easily  tried  by  anyone  who  may  feel 
unconvinced. 

Doubtless,  mixed  crowds  of  men  and  women,  such  as  football  specta- 
tors, may  weigh  less  per  square  foot,  with  an  equal  degree  of  personal 
discomfort,  than  the  body  of  students  in  the  writer's  experiments. 

It  should  be  remembered  that  a  closely  packed  crowd  is  not  likely 
to  be  in  a  mood  to  take  calmly  any  undue  deflection  or  appearance 
of  weakness  in  the  floor,  and  the  result  of  such  seeming  insecurity 
is  not  pleasant  to  contemplate.  In  the  writer's  opinion,  such  floors  as 
those  of  passageways,  corridors,  standing-room  in  theaters,  assembly 
rooms  without  fixed  seats,  ballrooms,  etc.,  should  be  calculated  for  a 
weight  closely  approaching  150  lb.  per  sq.  ft.,  or,  in  some  cases,  even 
more,  without  exceeding  the  unit  stresses  of  Mr.  Schneider's  Paragraph 
17.  Possibly,  a  large  standing  assemblage,  such  as  is  common  at 
political  meetings,  likely  to  applaud  by  stamping;  or,  a  throng  of 
dancers;  or  a  body  of  drilling  solders,  might  call  for  an  additional 
impact  provision.  Moreover,  it  should  not  be  forgotten  that  in  an 
assembly  room  '^  with  fixed  seats  "  those  seats  are  sometimes  renioved 
in  order  to  accommodate  as  many  as  can  be  packed  into  it  standing. 

To  summarize  briefly,  the  writer  begs  to  maintain: 

/. — That  the  extreme  value  of  the  statical  load  from  a  crowd  of 

men  is  a  very  few  pounds,  if  any,  below  160  lb.  per  sq.  ft. ; 

//. — That  there  are  many  structures  which  contain  considerable 

areas  where  a  load  as  great  as  150  lb.  per  sq.  ft.  is  to  be 

expected  occasionally  and  fully  provided  for; 
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III. — That  these  facts  should  be  clearly  stated,  and  that  the  Mr.  Johnson, 
maxim  am  loads  should  not  be  left  to  be  taken  care  of  by 
a  concentrated-load  specification  which  might  or  might 
not  provide  for  them  according  to  the  closeness  of  the 
beam  spacing; 
IV. — That  the  distributed -load  values  given  in  Table  2  ought,  ac- 
cordingly, to  be  increased  materially,  at  least  for  ground 
floors  of  office  buildings,  assembly  rooms,  and  staircases 
leading  thereto,  and  in  many  cases  for  sidewalks. 
The  writer  begs  to  record  his  indebtedness  to  N.  £.  Olds,  one  of 
his  students,  who  took  the  photographs  accompanying  this  discus- 
sion. 

H.  P.  MACDONAiiD,  JuN.  Am.  Soc.  C.  E.— The  speaker  wishes  to  Mr.Macdonald. 
take  exception  to  Mr.  Llewellyn's  remarks  about  the  inspection  of 
castings.  The  obstacles  to  the  inspection  of  castings  when  they  first 
leave  the  sand  are  more  those  of  the  inspector's  than  the  foundryman's 
making.  The  average  inspector  does  not  care  to  get  around  ^.  I  or  5 
o'clock  in  the  morning  when  the  pieces  cast  the  day  before  are  shaken 
out,  and,  as  the  foundryman  has  to  use  his  flasks,  he  cannot  wait  until 
the  inspector  eats  a  late  breakfast. 

The  speaker  does  not  think  that  any  one  of  the  big  foundries  around 
New  York  City  would  raise  the  least  objection  to  an  intelligent  inspec- 
tor watching  the  manufacture  of  its  product  from  the  time  the  metal 
is  charged  in  the  cupola  until  it  leaves  the  machine  shop,  but  would 
Tather  welcome  his  advice  and  suggestions.  An  inspector  who  can  be 
deceived,  by  the  use  of  '*  Smooth  On  "  or  such  compounds,  into  pass- 
ing a  defective  casting,  does  not  know  his  business,  or  is  careless  in 
his  work. 

A  case  of  very  excessive  floor  loading  in  an  office  building  has 
recently  been  brought  to  the  speaker's  attention.  In  a  room,  13  by 
16  ft.,  were  stored  1  500  000  pamphlets,  weighing  25  lb.  per  thousand, 
besides  a  1  600-lb.  safe  and  sundry  articles,  which  brought  the  total 
load  to  more  than  40  000  lb. ,  giving  at  least  200  lb.  per  sq.  ft.  of  floor 
area. 

E.  P.  Goodrich,  Jun.  Am.  Soc.  0.  E.  (by  letter). — Mr.  Schneider's  Mr  Goodrich, 
restriction  of  his  subject  to  buildings  is  important  in  connection  with 
the  formation  of  a  specification  for  the  design  of  pile  foundations,  as 
well  as  for  that  of  other  parts.  It  is  inferred,  as  a  further  restriction, 
that  his  intention  is  to  treat  only  structures  in  which  a  steel  frame  is 
to  be  found,  so  that  the  building  may  be  expected  to  be  a  rather  large 
one  and  the  foundation  loads  of  some  size.  Where  this  is  the  case  the 
foundations  are  massive,  and  the  effect  of  vibration  may  be  considered 
ni/,  except  perhaps  in  some  machine  shops  and  buildings  of  similar 
nature. 
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Mr.  Goodrich.  Even  with  pile  fonndatioiiB,  nnless  the  piles  are  driven  to  rock  or 
other  firm  bearing  stratum,  it  is  important  to  proportion  the  areas  of 
the  foundations  or  the  number  of  piles  nsed  in  each,  so  that  exactly 
equal  settlement  will  be  secured  at  all  points.  In  order  to  do  this,  a 
proper  relation  must  be  established  between  the  live  and  dead  loads, 
proper  values  must  be  assumed  for  the  bearing  powers  of  varions 
soils,  and  a  correct  pile  spacing  and  supporting  power  must  be  as- 
sumed for  the  kind  of  earth  and  for  the  other  factors  entering  the 
problem.  Of  course,  none  of  these  items  can  be  determined  before- 
hand with  any  great  degree  of  accuracy  or  even  that  which  approaches 
the  degree  of  certainty  now  attained  in  steel  design,  and  every  means 
which  is  likely  to  diminish  the  possible  or  probable  error  should 
therefore  be  used. 

The  writer  considers  the  method  given  by  Mr.  Schneider  for  the 
determination  of  a  unit  strain  on  foundations  as  perhaps  the  best  that 
can  be  devised,  except  that  it  will  be  better  to  take,  not  a  column 
with  the  greatest  relative  live  load,  but  one  with  an  average  live  load. 
In  this  way  the  percentage  of  possible  variation  would  be  cut  in  two. 
In  the  case  of  power  plants,  etc.,  it  will  often  be  better  to  build  so 
broadly  that  practically  no  settlement  will  occur  in  any  case,  and  to 
provide  entirely  separate  foundations  for  all  parts  likely  to  be  sub- 
jected to  excessive  loading.  In  warehouses,  little  or  no  reduction  of 
load  can  be  permitted. 

The  values  assigned  by  Mr.  Schneider  for  the  permissible  pressures 
on  various  soils  are  perhaps  as  close  as  may  safely  be  determined  em- 
pirically, but  the  values  given  seem  to  the  writer  needlessly  conserva- 
tive. Kecourse  should  always  be  had  to  direct  experiment  wherever 
possible,  and  it  is  well  to  note  that  some  settlement  must  always  be 
allowed  for;  and  that  it  is  infinitely  better  to  test  a  relatively  large 
tract  (from  4  to  6  sq.  ft.)  with  the  actual  load  expected,  than  to  over- 
load greatly  a  tract  of  only  1  or  2  sq.  ft.  Furthermore,  this  test 
should  be  made  as  near  the  actual  base  of  the  building  foundations  as 
possible,  not  at  the  surface  of  the  ground,  and  the  test  should  be 
made  with  filling  packed  around  the  bearing  mass  and  not  in  an  open 
hole.  These  methods  may  seem  to  be  unnecessarOy  exact,  but  their 
value  has  been  proven  in  the  writer's  experience. 

The  writer  thinks  Mr.  Schneider's  paragraph  on  **The  Bearing 
Power  of  Piles  "  can  be  somewhat  improved.  It  is  understood  that 
Mr.  Schneider  intends  to  omit  from  his  specification  all  that  part 
relating  solely  to  construction  work,  except  in  so  far  as  the  word 
**  workmanship  "  covers  it.  With  this  point  in  mind,  the  first  objec- 
tion is,  that  the  design  of  the  foundations  and  their  construction  have 
been  confused.  A  designer  must  assume  a  certain  unit  bearing  power, 
and  dimension  his  foundation  accordingly.  The  superintendent  of 
construction  has  to  see  that  the  unit  stresses  assumed  by  the  designer 
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are  actually  to  be  proTided  for,  -whether  they  be  for  concrete,  earth  or  Mr.  Goodrich. 

piles.     Therefore,  it  would  seem  that  the  including  of  the  pile  formula 

in  a  specification  for  unit  stresses  was  putting  it  in  the  wrong  place. 

The  first  two  sentences  of  the  paragraph  in  question  are  permissible, 

except  that  it  would  be  better  to  specify  that  piles  are  to  be  computed 

as  round-end  columns  wheneyer  they  are  to  be  driven  to  rock  or  an 

equivalent  bearing  stratum,  and  as  columns  fixed  at  one  end  and  of  a 

proper  length   when   driven  under  other  circumstances.     In  «and, 

when  the  pile  is  entirely  buried,  10  ft.  is  ample  for  such  **  proper** 

ength,  and  even  in  the  mud  on  the  bed  of  a  river  piles  have  been 

known  to  fail  by  breaking  off  at  the  mud  surface  when  driven  only  15 

or  20  ft.  into  it.     It  is  usually  unnecessary  to  stat-e  that  the  bearing 

power  of  the  pile  itself  is  not  to  be  exceeded,  as  column  formulas 

always  include  that  factor;  and  the  usual  stipulation  as  to  a  maximum 

allowable  load  per  pile  always  precludes  the  possibility  of  its  being  even 

approached.     The  allowable  end  bearing  assigned  by  Mr.  Schneider 

for  yellow  pine  is  1  500  lb.  per  sq.  in.     His  maximum  allowable  load 

on  a  pile  is  40  000  lb.     A  short  yellow  pine  cylinder  less  than  6  in.  in 

diameter  would  support  this  load,  and  6  in.  is  the  usual  minimum  size 

for  the  points  of  wooden  piles. 

The  writer  believes  that  the  best  practice  is  to  assume  a  given  load 
per  pile,  design  all  footing  accordingly,  and  make  the  superintend- 
ent of  construction  provide  and  drive  piles  which  will  sustain  this  as- 
sumed load.  In  that  case  the  designer's  care  will  be  to  provide  just 
the  proper  number  under  each  footing  and  to  space  them  so  that  each 
will  develop  its  full  proportion  of  the  given  load.  To  this  end,  groups 
should  be  made  as  nearly  circular  as  possible,  especially  when  they 
consist  of  any  considerable  number  of  piles.  The  corner  piles  of 
square  groups  of  sixteen  piles  might  just  about  as  well  be  omitted.  It 
is  of  the  utmost  importance  not  to  space  piles  too  closely  together,  or, 
if  close  spacing  is  necessary,  to  drive  all  to  such  depth  that  the  bearing 
power  of  the  earth  at  that  depth  is  sufBcient  to  provide  the  necessary 
supporting  power.  All  the  piles  under  a  building  should  be  driven  to 
the  same  depth,  if  possible,  and  the  areas  of  groups  should  be  care- 
fully proportioned  to  the  loads  carried,  unless  the  spacing  is  great 
enough  for  each  pile  to  develop  its  full  supporting  power  independ- 
ently. Tests*  made  by  the  Department  of  Docks  and  Ferries,  of  New 
York  City,  prove  conclusively  that  piles  driven  in  the  North  River 
mud,  even  to  considerable  depths,  influence  each  other  to  some  extent 
when  6  ft.  apart,  and  are  practically  a  unit  in  their  action  when 
only  3  ft.  apart.  A  group  of  two  piles  thus  spaced  had  a  supporting 
power  of  only  about  one  and  two-thirds  times  what  a  single  pile  de- 
veloped when  properly  spaced. 

♦See  "  Wharves  and  Piers,"  by  John  A.  Bensel,  M.  Am.  Soc.  C.  E.,  Papers.— Interna^ 
tional  Engineering  Congress,  1904. 
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Mr.  Goodrich.       Under  the  oircumstances,  it  seems  better  to  devise  some  rule  for 
the  spacing  of  piles  under  foundations,  make  each  pile  carry  an  equal 
load,  and  drive  all  to  the  same  depth.     If  the  earth  is  uniform  in 
character,  this  depth  seldom  need  be  very  great,  but,   if  it  is  not 
uniform,  the  piles  should  be  driven  through  the  variable  stratum  if 
possible.     Under  such  circumstances,  no  pile  formula  is  needed,  be- 
cause it  is  only  necessary  to  drive  until  a  specified  penetration  is 
attained  in  each  case  under  a  standard  height  of  fall  of  hammer. 
From  the  writer's  experiments*  he  believes  that  a  penetration  of  1  in. , 
when  produced  by  a  2  0()0-lb.  hammer  falling  15  ft.,  as  freely  as  possi- 
ble with  rope  attached,  will  give  most  satisfactory  results.      With 
hammers  of  different  weights  the  same  drop  should  be  maintained  and 
a  corresponding  penetration  depended  upon.     Higher  falls  are  much 
less  effective.     In  some  cases  penetrations  amounting  to  as  much  as 
30  in.  have  proven  satisfactory  under  cotiditions  which  will  be  dis- 
cussed later.     The  experiments,  and  actual  tests  made,  tend  to  show 
a  supporting  power  of  100  000  lb.  for  such  a  pile  when  acting  alone 
and  free  to  develop  the  full  effect  of  the  blow  producing  a  1-in.  pene-  , 
tration.     Theoretically,  a  pile  would  have  to  be  driven  about  50  ft. 
into  earth  having  a  high  ratio  of  lateral  to  vertical  pressure  (such  as 
silt),  in  order  to  attain  a  frictional  resistance  of  this  amount,  and  to  a 
depth  of  about  40  ft.,  to  reach  a  stratum  at  which  bearing  and  fric- 
tional resistances  combined  would  develop  this  amount.     With  dryer 
soils  and  those  containing  much  coarse  and  fine  sand  mixed,  the 
depth,  theoretically,  would  not  be  as  great,  it  being  slightly  more 
than  30  ft.     These  depths  are  given  on  the  assumption  that  the  mate- 
rials through  which  the  piles  are  driven  are  practically  homogeneous, 
and  ignoring  the  considerable  increase  in  supporting  power  which 
always  occurs  as  soon  as  the  piles  are  left  to  stand  without  interfer- 
ence even  for  a  few  hours.     In  the  case  of  moist  sand,  this  increased 
power  often  amounts  to  nearly  double  the  original  value,  and,  under 
certain  circumstances,  in  the  case  of  mud,  to  as  high  as  ten  times  the 
original  amount.     This  increase  in  supporting  power  is  due  to  the 
settling  back  against  the  side  of  the  pile  of  the  earth  disturbed  in 
driving.     This  settling  action  is  often  very  rapid,  as  evidenced  by  the 
difference  in  the  effect  of  steam  and  gravity  hammers.     In  fact,  the 
writer  believes  the  rapid  blows  of  the  quick-acting  steam  hammer  are 
more  than  twice  as  efScient  as  the  more  measured  ones  (of  equal  theo- 
retical effect)  of  gravity  hammers.     For  these  reasons,  it  is  evident 
that  a  pile  formula  cannot   be   used  indiscriminately,  and  that  the 
actual  supporting  power  of  the  soil  must  be  taken  into  account  in 
most  cases.  ^ 

With  these  ideas  in  mind,  the  maximum  of  40  000  lb.  proposed  by 

♦  **  The  Supporting  Power  of  Piles,"  by  E.  P.  Goodrich,  Transactions,  Am.  Soc.  C.  E., 
Vol.  XLVUI,  p.  180. 
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Mr,  Goodrich.  Mr.  Schneider  seems  very  conservatiye,  giving  a  factor  of  safety  of  2^ 
with  the  specification  proposed  by  the  writer  and  according  to  his 
formnla,  and  a  factor  of  4|  if  tested  by  the  Engineering  News  For- 
mnla,  without  the  factor  of  safety  introduced .  Wellington  proposed 
the  almost  aniversal  introduction  of  a  factor  of  safety  of  6,  and  it  is 
introduced  in  the  formula  given  by  Mr.  Schneider.  It  must  be  re- 
membered that  all  formulas  properly  apply  to  piles  only  at  the  time 
of  driving,  with  the  probability  of  the  above  factors  of  safety  being 
doubled  with  lapse  of  time  with  most  soils,  and,  in  many  cases,  with 
the  possibility  of  increasing  them  four-fold. 

Under  any  circumstances,  it  is  not  necessary  to  drive  piles  harder 
than  just  enough  to  develop  a  supporting  power  of  two  and  one-half 
times  40  OOl)  lb.,  if  that  be  specified  as  the  proper  factor  of  safety  and 
maximum  allowable  load  per  pile. 

Fig.  5  shows  the  curves  of  maximum  supporting  power  of  the 
EngiTieering  News  (Wellington)  Formula  and  of  that  of  the  writer,  for 
different  penetrations,  on  the  assumption  that  W B=l;  it  also  gives 
a  ready  means  of  finding  the  value  of  WH,  the  factor  of  safety,  or  the 
penetration,  when  the  other  two  terms  are  assumed,  and  a  supporting 
power  of  20  tons  is  desired. 

A  value  of  W Hoi  15  ft. -tons  is  about  as  small  as  it  is  economical 
to  use  in  work  of  any  magnitude,  and  a  value  of  30  ft. -tons  is  far 
above  good  practice.  It  is  thus  seen  that  penetrations  of  less  than 
J  in.  are  little  used,  and,  in  any  case,  the  writer  would  absolutely 
exclude  those  less  than  \  in.,  and  prefers  to  use  only  those  amounting 
to  1  in.  or  more.  This  restriction,  together  with  that  as  to  a  maximum 
load,  reduces  practically  all  pile  formulas,  for  their  curves,  between 
the  limits  given,  to  almost  parallel  ones,  so  that  results  differ  only  in 
the  factor  of  safety  which  the  author  purposely  includes  or  unwit- 
tingly introduces  in  the  making  up  of  his  formula.  On  this  point 
there  is  almost  as  much  difference  of  opinion  as  there  is  difference  in 
formulas. 

Thus,  it  seems  altogether  best  to  exclude  all  formulas  from  incor- 
poration in  a  specification  of  ''unit  stresses"  and,  under  ''work- 
manship," simply  to  state  the  conditions  required  to  afford  the 
assumed  stresses,  basing  the  conditions  on  the  best  experimental 
evidence. 

If  it  be  assumed  that  the  angle  of  internal  friction  of  earth  has  a 
tangent  of  0.4,  the  allowable  spacing  from  center  to  center  which  will 
develop  a  bearing  power  of  40  000  lb.  per  pile  with  a  factor  of  safety 
of  2}.  at  the  depths  to  which  the  pile  is  driven,  is  given  by  the  follow- 
ing table: 

Depth  to  which  driven 10       15       20       30       40       50     ft. 

Minimum  spacing  necessary  to 

develop  load 4.0      3.3      2.7      2.2      2.0      1.8  ft. 
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It  is  to  be  remembered,  however,  that  it  is  not  possible  to  drive  Mr.  Goodrich, 
piles  too  closely  into  earth,  because  the  latter  has  only  a  limited  com- 
pressibility.    With  the  spacings  given  above,  the  theoretical  actual 
increase  in  density  of  the  earth,  if  12-in.  cylindrical  piles  be  driven, 
is  as  follows: 

Spacing 4      3.3    2.7      2.5      2.2       2.0    1.8  ft. 

Percentage  of  increase  in 
density  of  earth  after 
driving 5    10      12       15       21        25     33   percent. 

Earth  with  S5%  of  voids,  if  compressed  so  that  all  voids  are  filled, 
will  increase  in  density  only  54  per  cent.  From  quite  a  number  of 
tests  of  the  compressibility  of  soils,  made  by  the  writer,  it  is  evident 
that  a  tremendous  amount  of  energy  is  wasted  in  pile  driving  if  the 
piles  are  spaced  so  closely  that  any  great  compressing  of  the  soil 
must  be  done.  This  wasted  energy  is  not  disclosed  in  any  pile  formula, 
and  serves  to  give  exaggerated  values  when  such  formulas  are  applied. 
Considerable  practical  experience  also  confirms  this  and  all  the  other 
{heoretical  results  given  above.  Thus,  it  is  evident  that,  even  with 
piles  spaced  2}  ft.  apart,  the  amount  of  compression  suffered  by  the 
earth  is  more  than  one- quarter  of  the  maximum  possible  amount  in 
many  cases,  and  that  considerable  energy  must  be  wasted  in  driving 
so  closely.  A  spacing  of  3  ft.  is  much  to  be  preferred,  especially  when 
it  is  seen  that  the  theoretical  depths  to  which  it  is  necessary  to  drive 
the  piles,  in  order  to  develop  a  safe  bearing  power  of  40  000  lb. ,  are 
16  ft.  for  the  3-ft.  spacing  and  26  ft.  for  the  2i-ft.  spacing.  The  writer 
thinks  that  a  minimum  spacing  of  not  less  than  2.7  ft.  should  ever  be 
allowed  and  that  3  ft.  should  be  used  wherever  possible. 

The  writer  therefore  proposes  the  two  following  paragraphs  on 
'* Piles,"  in  place  of  the  one  given  by  Mr.  Schneider. 

Unit  Stresses.  — ^All  pile  foundations  are  to  be  designed  so  as  to 
bring,  as  nearly  as  possible,  a  load  of  40  000  lb.  on  each  pile.  Piles 
are  to  ba  spaced  not  closer  than  2.7  ft.  from  center  to  center,  and  all 
groupi  are  to  be  mide  as  nearly  circular  in  general  outline  as  pos- 
sible. Piles  are  to  have  such  diameters  as  will  afford  ample  stiffness 
and  give  sufficient  area  to  act  as  columns,  considered  as  pin-connected 
when  driven  to  rock  or  equivalent  bearing  at  depths  less  than  20  ft., 
and  considered  as  fixed  at  the  lower  end  and  of  20  ft.  length  under 
all  other  circumstances. 

Workmanship. — All  piles  are  to  be  of  lengths  and  diameters  not 
less  than  those  specified,  are  to  be  spaced  accurately  as  shown  upon 
the  drawings,  and  driven  as  nearly  as  possible  to  a  uniform  depth, 
provided  uniform  penetration  is  developed  under  equal  blows  of  the 
hammer.  Such  penetration  is  to  be  1  in.,  as  nearly  as  possible,  under 
a  15-ft.  blow  from  a  2  000-lb.  gravity  hammer,  or  a  proportional  pene- 
tration under  any  other  weight  of  hammer  with  the  same  fall.     Only 
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Mr.  Good  rich,  piles  of  length  neoessary  and  jnst  sufficient  to  develop  this  penetra- 
tion are  to  be  driven.  Should  a  steam  hammer  be  used,  equivalent 
values  of  the  hammer  weight  and  the  height  of  fall  of  a  g^vity  ham> 
mer  are  to  be  used,  and  a  penetration  of  2  ins.,  as  nearly  as  possible, 
is  to  be  secured. 

Mr.Ketchum.  M.  S.  Ketchum,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— This  is  a 
valuable  and  timely  paper,  and  it  is  to  be  hoped  that,  together  with 
the  discussion,  it  will  lead  to  more  rational  methods  for  the  structural 
design  of  buildings.  The  author  has  covered  the  entire  field  very 
thoroughly,  and,  for  the  most  part,  the  specifications  meet  with  tha 
writer's  approval. 

Without  attempting  to  discuss  the  specifications  as  a  whole,  the 
writer  would  call  attention  to  the  following  paragraphs : 

Paragraph  7. — The  weights  of  roofs  and  roof  coverings  vary  so 
much  that  it  would  appear  to  be  more  logical  to  calculate  the  weight 
of  trusses,  purlins,  sheathing  and  roof  covering  in  each  case.  For  cal- 
culating the  weight  of  roof  trusses  for  mill  buildings,  train-sheds, 
etc.,  the  following  formula  has  been  proposed  by  the  writer:  * 

'"^-"^H'  +  r;^) 

in  which  W  =  weight  of  roof  truss,  in  pounds; 

P  =  capacity  of  the  truss,  in  pounds  per  square  foot  of  hori- 
zontal projection  of  roof; 
A  =  distance  from  center  to  center  of  trusses,  in  feet;  and 
L  =  span  of  truss,  in  feet. 

Paragraph  8. — In  localities  subject  to  snowfall,  it  would  seem  de- 

*     sirable  to  consider  a  minimum  ice  or  sleet  load,  of  say  10  lb.  per  sq. 

ft.,  which  would  be  on  the  roof  at  the  time  of '-maximum  wind.     The 

author  appears  to  have  had  the  sleet  load  in  mind  in  specifying  a 

minimum  snow  load  of  10  lb.  per  sq.  ft. 

Paragraph  17, — The  writer  would  think  it  mc  e  rational  to  specify 
the  allowable  shear  on  the  net  section  of  webs  of  plate  girders. 

Paragraph  22.  —Cross-bending  and  direct  stress  should  be  com- 
bined by  the  application  of  a  rational  formula  which  takes  account  of 
the  fact  that  transverse  loads  produce  larger  stresses  in  compression 
members  than  in  tension  members.  The  writer  has  used  Johnson's 
formula,! 

CE 
for  combined  stresses,  and  believes  that  it  is  the  most  satisfactory 
formula  yet  proposed.      The  proposed  reduction  of  the  transverse 

*  ''  The  Design  of  Mill  Buildinn  and  the  Calculation  of  Streeaee  in  Framed  Struct- 
ures," Engineering  News  Publtsh&g  Co.,  New  York. 
Y"  Modem  Framed  Structures." 
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bending  moment  does  not  appear  to  be  proper,  except  in  the  Mr.  Ketchum. 
eases  of  wind  moment,  moment  dne  to  weight,  and  moment  dne  to 
eccentric  loading.  The  writer  belieyes  that  the  nstial  method,  of  in- 
creasing the  allowable  stresses  by  2b%  when  wind  is  considered,  and 
^7  10%  when  weight  and  eccentric  loading  are  considered,  is  to  be 
preferred. 

Paragraph  57.— The  writer  has  noted  with  pleasure  that  the  author 
has  adopted  the  stresses  and  the  straight-line  formula  for  the  design 
of  steel  stmts  and  columns  proposed  by  the  American  Railway  En- 
gineering and  Maintenance-of-Way  Association.  Under  the  circum- 
stances, however,  it  does  not  appear  to  be  consistent  to  use  a 
straight-line  formula  for  designing  steel  members  and  a  curve  formula 
for  designing  timber  struts  and  columns. 

The  straight-line  formula  adopted  by  the  Cities  of  Philadelphia, 
Buffalo  and  Minneapolis,  and  used  by  the  writer  in  his  specifications 
for  "Mill  Buildings,"* 

in  which  j9,  0,  /  and  d  are  the  same  as  used  by  the  author,  would 
appear  to  be  more  in  keeping  with  the  spirit  of  the  specifications. 

Paragraph  62. — This  clause  is  a  decided  improvement  on  the  usual 
clause  specifying  1}  in.  for  all  sizes  of  rivets. 

Paragraph  66. — The  writer  believes  that  one-sixtieth  of  the  dis- 
tance between  rivet  centers  will  give  batten  plates  which  are  too  thin, 
and  that  the  usual  specification  of  one-fortieth  should  be  sub- 
stituted. 

Part  II,  Paragraphs  2  and  3. — The  use  of  Bessemer  steel  is  allowed 
in  Paragraph  2,  but  i'  is  virtually  cut  out  by  the  requirements  in 
Paragraphs.  The  wi  iter 'favors  specifying  that  steel  shall  be  made 
by  the  open-hearth  process  except  for  temporary  or  unimportant 
structures.  ru 

Geobge  H.  Blakeley,  M.  Am.  Soc.  C.  E.— The  high  authority  of  Mr.  Blakeley. 
the  author  will  undoubtedly  commend  the  proposed  specification  to 
those  seeking  guidance  in  the  structural  design  of  buildings,  ond, 
also,  undoubtedly,  will  influence  greatly  the  design  of  such  work. 
The  requirement  of  the  consideration  of  concentrated  loads  in  the 
designing  of  floors  is  a  commendable  provision  which  deserves  the  at- 
tention of  those  who  have  not  already  given  the  matter  the  attention 
that  the  importance  of  the  subject  warrants. 

The  loadings  proposed  by  the  author,  however,  should  be  consid- 
ered carefully  before  general  adoption,  as  it  is  a  serious  question 
whether  they  do  not  produce  an  asymmetrical  design,  making  the 
floor  joists  heavier  than  necessary  and  the  girders  lighter  than  desir- 
able, within  the  proper  margin  of  safety. 

*  "Steel  Mill  Buildings,"  Engineering  News  Publishing  Co.T^i^  ^otV. 
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Mr.  Blakeley.  If  it  is  proper  to  provide  for  supporting  a  5  000-lb.  safe,  then, 
only  in  exceptional  cases  could  the  entire  weight  of  the  safe  be  carried 
on  a  single  joist.  Such  a  safe  would  occupy  an  area  of  about  3  by  5 
ft.,  and  it  is  proper  to  consider  such  a  distribution  of  the  load  in  de- 
signing. With  joists  of  15  ft.  span  and  spaced  5  ft.  apart,  it  is  impos- 
sible to  place  such  a  safe  in  any  position  where  it  would  produce  a 
loading  of  a  single  joist  in  excess  of  that  caused  by  a  center  load  of 
3  500  lb.  As  the  proposed  specification  does  not  purport  to  be  a  sim- 
plification of  calculation,  it  would  be  proper  to  specify  a  definite  area 
covered  by  the  concentrated  load,  instead  of  considering  it  under  the 
impossible  condition  of  being  concentrated  at  a  mathematical  point. 
Such  a  modification  would  produce,  in  general,  a  reduction  of  the 
sizes  of  floor  joists,  and  without  impairing  the  adequate  carrying 
capacity. 

On  the  other  hand,  it  is  questionable  if  the  specification  of  a  live 
load  of  1  000  lb.  per  lin.  ft.  for  girders  is  sufficient  to  cover  the  con- 
tingencies of  loading  that  may  occur  in  buildings.     For  example,  a 
perfectly  possible  case  is  that  of  a  wing  of  an  office  building  with  two 
rooms,  each  16  ft.  square  and  with  the  girder  under  the  partition  be- 
tween the  rooms.     This  girder  supports  a  floor  area  of  266  sq.  ft.     It 
is  possible  that  the  occupant  of  each  office  may  have  a  heavy  safe, 
which  he  would  not  i)lace  agaiDst  the  door  partition  nor  against  either 
of  the  two  outer  walls  of  the  offices,  as  it  might  interfere  with  the  win- 
dows, but  each  would  place  his  safe  against  the  partition  wall  over 
the  girder,  in  which  case  there  would  be  a  concentration  of  two  safes 
on  the  girder.     If  these  were  5  000-lb.  safes,  then  the  girder  would  be 
loaded  by  the  safes  alone  equivalent  to  a  uniform  load  of  1  250  lb.  per 
lin.  ft.,  or  25%  in  excess  of  the  load  for  which  the  girder  was  designed, 
and  without  any  further  provision  for  carrying  the  256  sq.  ft.  of  floor 
area  which  must  still  be  supported  by  the  girder.     Of  course,  with 
certain  arrangements  of  the  floor  framing,  with  due  regard  to  the 
area  of  floor  space  occupied  by  the  safes,  and  with  precise  calculation, 
the  effect  of  the  loading  produced  by  these  safes  would  be  very 
much  reduced,  and  might  be  even  as  low  as  an  equivalent  of  750  lb. 
per  lin.  ft.  of  girder.     Bat,  under  a  possible  arrangement  of  floor 
framing,  these  safes,  with  due  regard  to  their  area  of  floor  space  and 
with  precise  calculation,  would  produce  an  equivalent  loading  of 
1  000  lb.  per  lin.  ft.,  thus  consuming  the  entire  carrying  capacity  for 
which  the  girder  was  designed  and  without  leaving  any  remaining 
provision  for  carrying  the  floor  space  which  still  must  be  supported 
by  it.     It  is  quite  certain  that  the  authorities  in  charge  of  the  build- 
ing would  direct  the  safes  to  be  placed  where  they  would  be  supported 
by  the  girder,  though  they  might  direct  that  they  be  placed  at  the 
wall  end  or  at  the  column  end  of  the  girder,  which  would  materially 
lessen  the  effect  of  the  loading.     In  many  buildings,  however,  there 
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is  no  intelligent  supervision  of  these  matters,  and  the  disposition  Mr  Biakeley. 
of  safes  is  left  largely  to  the  convenience  of  the  tenants. 

In  the  case  of  office  buildings  occupied  by  lawyers,  it  is  possible  to 
have  bookcases  filled  solid  with  books  from  floor  to  ceiling,  and  on 
each  side  of  the  partition  over  a  girder,  producing  a  load  of  from  400 
to  450  lb.  per  Hn.  ft.  of  girder.  Such  offices  are  usually  of  fair  size, 
and,  after  deducting  the  effect  of  the  bookcases,  there  may  be  left  in 
the  girder  a  carrying  capacity  of  less  than  30  lb.  per  sq.  ft.  of  the  floor 
of  the  offices.  Such  offices  at  times  may  be  fairly  crowded  with 
people,  as  in  the  case  of  an  important  hearing  before  a  referee,  and 
may  have  a  floor  load  of  at  least  50  lb.  per  sq.  ft.  caused  by  a  crowd  of 
people  at  such  a  time. 

In  the  case  of  store  buildings,  a  live  load  of  1  000  lb.  per  lin.  ft.  for 
girders  is  insufficient  to  provide  for  the  conditions  of  loading  that  will 
prevail  in  such  buildings.  In  the  construction  of  store  buildings,  the 
tendency  is  to  space  the  columns  far  apart,  and  20  ft.  from  center  to 
center  is  not  unusual.  For  such  a  case,  with  joists  spaced  at  5  ft. 
centers,  according  to  the  proposed  specification,  the  joists  would  be 
designed  for  a  live  load  equivalent  to  160  lb.  per  sq.  ft.,  while  the 
girders  would  be  designed  for  a  load  of  only  50  lb.  per  sq.  ft.  On  a 
limited  area  in  such  buildings  it  is  not  unusual  to  have  a  crowd  of 
people  equivalent  to  at  least  80  lb.  per  sq.  ft.,  especially  on  bargain 
days  and  during  the  holiday  season.  It  is  perfectly  possible  that  on 
such  occasions  areas  affecting  a  girder  in  such  a  building  will  be  loaded 
considerably  in  excess  of  80  lb.  per  sq.  ft.,  as  against  the  50  lb.  per  sq. 
ft.  provided  for  by  the  proposed  specifications.  Moreover,  portions 
of  store  buildings  at  times  partake  of  the«  character  of  light  storage 
buildings,  in  the  receiving  and  shipping  of  goods.  Crockery  and 
glassware  in  crates,  set  side  by  side  and  not  piled,  will  produce  a  load 
of  120  lb.  per  sq.  ft.  Flannels  in  cases,  piled  4  ft.  high,  produce  a 
floor  loading  of  100  lb.  per  sq.  ft.  Cotton  prints  in  cases,  set  side  by 
side  and  not  piled,  produce  a  floor  load  of  93  lb.  per  sq.  ft.  Woolen 
dress  goods,  in  cases  set  side  by  side  and  not  piled,  produce  a  floor 
load  of  84  lb.  per  sq.  ft.  Brown  sugar  in  barrels,  set  side  by  side,  pro- 
duces a  floor  load  of  113  lb.  per  sq.  ft.  These  and  other  articles 
handled  in  store  buildings  will  at  times  accumulate  over  certain  areas 
and  fully  load  the  girders;  therefore,  in  the  design  for  such  buUdings, 
the  possibilities  of  such  loadings  should  be  considered  and  the  girders 
be  designed  accordingly. 

It  is  reasonable  that  the  live-load  carrying  capacity  of  girders 
should  have  some  relation  to  the  floor  area  which  they  are  to  support, 
but,  according  to  the  proposed  specification,  girders  spaced  at  25-ft. 
centers  would  have  no  more  live-load  carrying  capacity  than  girders  of 
the  same  span  spaced  but  half  the  distance  apart,  or  at  12^  ft.  centers. 
According  to  the  proposed  specification,  each  girder  would  be  designed 
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Mr.  Bl5ikeiey.  for  a  live  load  of  1  000  lb.  per  lin.  ft.,  notwithstanding  the  fact  that 
one  of  the  girders  would  be  called  upon  to  support  a  floor  area  twice 
as  great  as  the  other.  It  is  to  be  questioned  if  such  a  design  will  pro- 
vide for  the  possibilities  of  loading  which  may  occur. 

The  concentrated-load  method  of  designing  floor  framing  is  com- 
mendable, but  the  concentrated  load  should  have  a  specified  area  over 
which  it  is  distributed,  and  such  distribution  should  be  considered  in 
the  design  of  the  joists  and  the  girders.  It  is  probable  that  no  girder 
should  be  designed  for  a  load  of  less  than  1  OOU  lb.  per  lin.  ft.,  but,  on 
the  other  hand,  it  does  not  seem  advisable  to  design  any  joist  or  any 
girder  for  an  office  building,  or  for  a  store  building,  for  a  load  less  than 
80  lb.  per  sq.  ft. 

The  reduction  of  live  loads  on  columns  is  in  more  or  less  general 
use,  but  it  is  questionable  if  it  is  proper  to  consider  any  reduction  of 
column  loading  in  warehouse  buildings.  It  is  not  quite  clear  that  the 
proposed  specification  sanctions  such  a  reduction  of  column  loads  for 
buildings  of  this  type, 

In  selecting  the  proper  live  loading  in  the  design  of  buildings,  too 
much  consideration  should  not  be  given  to  the  question  of  probability, 
but  due  and  proper  regard  should  be  given  to  reasonable  possibilities 
of  loading  which  may  occur.  A  specification  for  general  use  should 
be  very  carefully  framed  in  this  respect,  and,  in  the  design  of  a  build- 
ing, should  not  leave  an  opening  for  work  which  might  prove  to  be 
inadequate  for  reasonable  possibilities  of  loading. 
Mr.  Clermont.  JoHN  B.  Clbbmont,  Assog.  M.  Am.  Soc.  C.  E. — It  is  wise,  on  the 
part  of  the  designing  engineer,  in  proportioning  a  structure,  to  con-* 
sider  that  there  is  something  more  than  low  theoretical  live  loads,  in 
designing  office  buildings,  churches,  theaters,  halls  and  other  public 
buildings,  especially  in  cases  where  alterations  may  be  considered  as 
probable. 

In  a  certain  case,  alterations  in  an  office  building  involved  the  mov- 
ing of  a  large  steel  vault,  which  had  been  erected  on  the  second  story 
and  supported  on  brick  foundation  walls  to  bed-rock.  This  vault  had 
to  be  transported  over  the  fioors  of  a  portion  of  the  old  building  and 
a  portion  of  a  new  building  adjoining.  Its  weight  was  about  12  tons, 
and  the  floors  of  both  buildings  were  designed  for  a  live  load  of  150 
lb.  per  sq.  ft. 

In  another  part  of  this  building,  also  on  the  second  story,  some 
changes  were  made  in  the  steel  construction,  increasing  the  sizes  of 
beams  and  girders  and  strengthening  the  supporting  columns,  in 
order  to  support  another  vault,  weighing  about  246  tons  when  com- 
plete. All  parts  of  this  vault  were  in  sections,  excepting  the  vestibule 
and  door,  and  these  weighed  17  and  10  tons,  respectively.  These 
pieces  had  to  be  transported  over  a  section  of  the  regular  framing  for 
a  distance  of  about  40  ft.     It  was  again  found  very  advantageous  to 
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have  a  floor  cons  traction  designed  to  carry  a  live  load  of  150  lb.  per  Bir.  Clermont, 
sq.  ft. 

While  the  two  foregoing  cases  may  be  considered  in  a  measnre  as 
extremes,  specific  cases  of  overloading  in  public  buildings  are  of  fre- 
qnent  occurrence.  These  may  be  caused  in  various  ways,  such  as  over- 
crowding of  persons  in  smaU  spaces  daring  fire  or  panic;  tenants  in 
office  buildings  securing  storage  space  and  loading  the  floors  with  pa- 
per, bulky  sample  goods,  records,  etc.,  as  high  as  the  ceilings  will 
permit;  in  offices  which  are  used  for  show  rooms  where  heavy  case 
goods  are  constantly  handled  and  often  stacked  high  for  lack  of  space; 
in  fact,  it  seems  almost  impossible  to  foresee  the  numerous  variations 
in  live  loads  possible  in  all  kinds  of  public  buildings. 

The  variations  in  live  loads,  amounting  to  as  much  as  100^  in  the 
building  laws  of  different  centers  of  population,  mentioned  in  Mr. 
Schneider's  paper,  are  easily  accounted  for  on  the  gpround  of  their 
vastly  different  requirements,  but  as  to  the  conditions  of  their  commerce 
and  population  and  because  each  is  based  upon  local  experience.  In 
consideration  of  this,  the  establishment  of  a  uniform  standard  for  live 
loads,  in  order  to  harmonize  their  constructions,  would  mean  to  do  no 
less  than  harmonize  their  conditions,  and  would  not  be  conducive  to  the 
best  results.  By  this  it  is  not  meant  that  the  disparities  between  their 
different  requirements  by  law  are  not  subject  to  a  general  system  of  re- 
vision for  similar  requirements,  but  that  the  difference  between  the 
accepted  good  practice  of  these  several  places  and  the  acceptance  of  a 
uniform  maximum  standard  live  load  of  40  lb.  per  sq.  ft.,  would  be  a 
step  in  the  wrong  direction,  and,  with  few  exceptions,  for  all  pubUc 
buildings,  a  live  load  of  less  than  100  lb.  per  sq.  ft.  ought  not  to  be 
considered. 

Attention  has  been  called  to  the  shifting  of  cores  in  roand  cast-iron 
columns.  In  an  office  building  erected  in  New  York  City  about  twelve 
years  ago,  and  well  inspected  during  erection,  it  was  found  before  its 
completion  that  one  of  the  interior  columns  on  the  first  story  was 
cracked  for  a  distance  of  about  5  ft.  below  the  shelf  brackets  at  its  top. 
This  was  a  case  of  core  shifting  directly  in  the  line  of  the  joints  of  the 
moulds.  The  crack  was  straight  down  along  the  joint  mark,  and, 
while  the  column  was  of  ample  section  to  support  the  load,  it  was 
necessary  to  place  stout  wrought-iron  straps  around  it.  Recently, 
these  straps  had  to  be  removed  in  order  to  make  room  for  a  marble 
covering,  and,  at  the  speaker's  suggestion,  the  column  was  wound  with 
light,  flexible,  seven-strand  cable.  This  is  an  example  of  what  may 
happen  if  the  inspection  of  cast  iron  is  not  thorough. 

Oscar  LowiNSON,  Assoc.  M.  Am.  See.  C.  E.  (by  letter). — The  author's  Mr.  Lowinson. 
effort  to  establish  a  standard  specification  for  structural  work  is  de- 
serving of  the  highest  commendation,  and  its  success  will  be  demon- 
strated by  its  adoption,  with  such  modifications   as  more  detailed 
experience  than  the  author  possesses  in  parts  of  the  field  which  he 
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Mr.  Lowlnson.  has  covered,  will  be  a  tribnte  to  him  for  having  brought  it  forward  as 
a  standard  of  reference.  The  following  comments  and  suggestions  are 
made  in  reference  to  some  of  the  matters  specified,  and  the  hope  is 
expressed  that  the  compiled  results  of  the  discussion  will  be  used  as  a 
standard  to  be  changed  only  by  reason  of  changing  conditions  or  in- 
creased knowledge. 

In  the  first  place,  the  author  is  warned  that  his  live  loads  for  dwell- 
ings, hotels  and  apartment-houses  are  too  small.  Take  a  dwelling, 
for  instance.  In  the  life  of  every  family  there  occur  periods  during 
which  the  apartments  are  crowded.  Engineers  are  compelled  to  de- 
sign buildings  to  meet  the  most  unfavorable  conditions  of  loading, 
and  must  be  prepared  for,  not  only  a  crowd,  but  a  crowd  stamping  at 
the  same  time,  which  causes  vibration  in  the  building  and  must  be 
provided  for.  The  writer  suggests  for  dwellings  a  minimum  live  load 
of  65  lb.  per  sq.  ft.  In  country  residence  work,  it  is  the  writer's  prac- 
tice to  design  the  first  floor  for  a  live  load  of  not  less  than  80  lb.  per 
sq.  ft. ,  and  in  city  houses  the  sizes  of  the  beams  and  girders  are  usually 
determined  by  their  deflection,  which  should  not  exceed  ^o  ii^-  P^^^  ^* 
because  of  the  danger  of  cracking  plastered  ceilings. 

In  the  case  of  hotels,  the  lobby  and  such  rooms  as  may  be  occupied 
for  public  ijurposes  should  be  placed  in  the  same  class  as  assembly 
rooms. 

The  author  separates  assembly  rooms  into  two  parts,  those  with 
fixed,  and  those  with  movable,  seats.  This  is  questionable  practice, 
for  it  is  frequently  the  custom,  in  New  York  City  theaters  and  assem- 
bly rooms,  to  lay  a  secondary  floor  over  the  seats.  The  writer  recom- 
mends for  such  buildings  a  loading  of  125  lb.  per  sq.  ft.,  his  reason 
being  that,  under  crowded  conditions,  such  as  during  political  meet- 
ings, the  live  load  frequently  amounts  to  100  lb.  per  sq.  ft.,  and  the 
vibration  caused  by  stamping  may  easily  increase  this  to  the  equiva- 
lent of  125  lb.  Further,  in  view  of  Professor  Johnson's  recent  experi- 
ments, wherein  he  obtained  even  greater  loading  in  crowds,  the  writer 
believes  the  loading  adopted  by  the  author  to  be  too  light. 

Stables  and  Carriage- Houses, — Stables  and  carriage -houses  should 
be  designed  for  automobile  loads.  The  writer  weighed  some  automo- 
biles a  short  time  ago,  and  found  that  a  carriage  automobile  weighed 
4  000  lb.,  with  a  concentrated  loading  of  1  500  lb.  on  a  wheel.  The 
writer  would  design  a  private  stable  in  accordance  with  the  loading 
given  by  the  author,  but  for  the  carriage-house  of  a  stable  where  trucks 
might  be  stored  he  would  assume  a  greater  load,  his  New  York  City 
practice  being  to  design  such  a  floor  for  a  live  load  of  250  lb.  per  sq. 
ft.  The  stalls  ho  would  design  in  accordance  with  the  author's  fig- 
ures. 

Sidewalks,— li  has  been  the  writer's  practice  to  design  sidewalks  for 
a  live  load  of  350  lb.  per  sq.  ft.,  and  he  would  suggest  that  the  distrib- 
uting load  be  made  equal  to  that  figure. 
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Warehouses  and  Factories, — The  "Wiiter  lias  frequcDtly  been  called  Mr.  Lowinaon. 
upon  to  determiDe  the  weights  on  warehouse  floors,  and  has  found 
loads  of  350  lb.  per  sq.  ft.  and  greater.     He  would  not  recommend 
less  than  250  lb.  where  either  paper  or  iron  is  to  be  stored.     In  fact,  a 
storage  building  will  frequently  suffer  because  of  this. 

Though  hardly  pertinent  to  this  discussion,  an  instance  may  be 
cited  where  a  collapse  occurred  in  a  warehouse  used  to  store  barrels. 
Owing  to  vibration  in  the  building,  caused  by  passing  trucks,  the 
barrels  became  wedged,  and  threw  a  bearing  wall  out  into  the  street. 
Wedging  of  this  kind  will  concentrate  at  times  an  enormous  load  on  a 
single  section  of  floor. 

Ojffice  Buildings. — This  is  an  age  of  great  and  quick  changes,  and, 
already,  some  of  the  older  high  oflSce  buildings  are  being  converted 
into  storage  buildings,  with  loads  far  in  excess  of  those  for  which 
they  were  designed;  and,  although  the  writer  would  be  satisfied  with 
a  distributed  loading  of  65  lb.  per  sq.  ft.  if  he  were  sure  the  building 
would  never  be  used  for  any  other  purpose,  he  thinks  a  provision  of 
150  lb.  per  sq.  ft.  not  at  all  too  large. 

Wind  Pressure. — The  writer  believes  that  a  clause  should  be  in- 
serted providing  that,  where  the  walls  are  other  Ihan  curtain  walls, 
and  the  skeleton  does  not  proceed  more  than  three  stories  in  advance 
of  the  walls,  temporary  wind  bracing  (wire  cables,  etc.)  should  serve. 
In  all  possible  locations,  stiff  knee-braces  should  be  insisted  upon  at 
all  column  connections. 

Foundations. — The  writer  would  separate  wet  sand  from  soft  clay. 
Quicksand,  for  instance,  should  never  be  used  on  which  to  found. 
Wet  sand  will  frequently  bear  from  4  to  6  tons,  as  long  as  it  is  con- 
fined, and  a  restriction  to  1  ton  should  not  be  made  absolute.  On  the 
other  hand,  the  writer  would  hesitate  long  before  permitting  a  load  of 
6  tons  on  any  but  the  hardest  kind  of  gravel,  and  then  only  when  it 
overlies  rock.  It  is  his  practice  to  permit  a  load  of  15  tons  per  sq.  ft. 
on  Portland  cement  mortar,  and  he  allows  only  10  tons  per  &q.  ft. 
over  Portland  cement  concrete. 

Pressure  on  WalUPlates. — For  the  pressure  on  wall-plates,  the 
writer  would  use  200  lb.  instead  of  250  lb. 

Shrinkage  and  Masoyiry. — Great  trouble  has  been  experienced  with 
stone  facings  on  brick  walls  because  of  the  unequal  shrinkage  of  the 
brickwork  and  the  stonework;  for  this  reason  the  writer  suggests  a 
class  wherein  stonework  must  be  considered  either  as  non-bearing,  or 
it  should  pass  entirely  through  the  wall  at  certain  distances  in  its 
height  so  as  to  get  a  proper  bond.  In  case  of  shrinkage,  in  the 
former  instance,  the  facing  is  held  by  galvanized-iron  anchors. 

Paragraph  37.  —  Timber  Columns. — It  is  suggested  that  a  more 
modern  formula  than  the  Gordon  formula  be  used  for  timber 
columns. 
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Mr.  Lowinson.  Details  of  Floor  Beams. — The  writer  would  add  that  where  a  floor 
beam  transmits  a  heavy  load  it  should  rest  npoh  a  girder  if  possible, 
instead  of  framing  it  on  the  web.  Where  the  girder  is  composed  of 
two  or  more  rolled  sections,  and  unless  definite  means  are  taken  to 
transfer  the  load  from  one  to  another,  the  load  shonld  be  applied  on 
top  if  possible. 

These  specifications  will  serve  very  well  as  a  standard  for  stmc- 
tural  engineers.  The  writer  would  be  pleased  to  see,  included  with 
such  a  set  of  standards,  standards  of  practice  in  sach  matters  as 
framing  timbers,  cutting  stonework,  differentiai)ion  of  skeleton,  cage 
and  independent  masonry  wall  construction,  protection  and  preserva- 
tion of  materials  of  construction,  other  than  those  included  by  the 
author,  details  of  construction  on  piling,  and  protection  against  dis- 
coloration, efflorescence,  etc. 
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